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Abstract 

 In today’s construction industry, electrical contractors must think about adopting              

non-conventional construction methods such as prefab in order to improve their performance and to 

face the continuous challenges they encounter. Challenges facing electrical contractors today include: 

low labor productivity levels, low and fluctuating profit margins and frequent schedule compressions. 

 Multiple studies conducted by other researchers revealed that the appropriate use of prefab 

for many trades has a positive impact on project performance. In general, prefab has the potential to 

positively impact the project in the following project factors: cost, quality, schedule, safety and 

productivity. In addition, these studies discussed some impediments for the use of prefab. Common 

impediments for the use of prefab include increased engineering requirements, transportation 

considerations and organizational requirements. However, there is a gap in the literature about prefab 

in the electrical contracting industry. No recent research exists that is specific to the electrical 

contracting industry.  

 Based on the literature review, a comprehensive survey about prefab was prepared. The 

survey was generated online and emailed to electrical contractors using Qualtrics, which is a        

web-based survey service. 142 electrical contractors representing diverse regions of the United States 

and Canada responded to the survey. A substantial variety of electrical works conducted by electrical 

contractors are represented. In addition, small, medium and large size companies are well represented 

in these responses. 

 Of the 142 electrical contractors who responded to the survey, this research showed that      

74 percent currently use prefab. The majority of these current-users began adopting prefab in their 

companies over five years ago. However, 63 percent of users spend only 1 to 9 percent of their 

company’s labor hours on prefab. Electrical contractors reported that prefab can help in improving 
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labor productivity as they estimated that one productive hour in the shop equals (on average)           

2.2 hours in the field. Finally, this study showed that electrical contractors will still have disparate use 

of prefab during the next two years. On average, users and non-users estimated prefab would be used 

on 37 percent of electrical construction projects during that time. However, electrical contractors 

currently using prefab are planning on using prefab on more than 75 percent of their projects during 

the next two years and 72 percent of electrical contractors that are not currently using prefab 

anticipate starting use in the next two years. This seems to indicate that as electrical contractors learn 

to use prefab they use it with increasing frequency which implies that the use of prefab will continue 

to grow. 

  

 

 

 

 

 

 

 

 

 

 



iv 

 

Table of Contents  

 
Acknowledgements ...................................................................................................................... i 

Abstract ...................................................................................................................................... ii 

Table of Contents ....................................................................................................................... iv 

List of Figures.......................................................................................................................... viii 

List of Tables ............................................................................................................................. ix 

Chapter 1: Introduction ............................................................................................................... 1 

1.1 Definitions of Terms ...................................................................................................... 1 

1.1.1 Prefab ......................................................................................................................... 1 

1.2 Research Motivation ...................................................................................................... 2 

1.2.1 Problems in the AEC industry ..................................................................................... 2 

1.2.2 Prefab: A Potential Solution ........................................................................................ 7 

1.3 Problem Statement ......................................................................................................... 8 

1.4 Research Objectives ....................................................................................................... 9 

1.5 Methodology ................................................................................................................ 10 

1.5.1 Literature Review ..................................................................................................... 10 

1.5.2 Data Collection ......................................................................................................... 11 

1.5.3 Data Analysis ........................................................................................................... 11 

1.6 Report Organization ..................................................................................................... 15 

Chapter 2: Literature Review .................................................................................................... 16 

2.1       Historical Development of Prefab .............................................................................. 16 

2.1.1 The Kickoff .............................................................................................................. 16 

2.1.2 Operation Breakthrough............................................................................................ 17 

2.2       Prefab’s Impact on the Project Performance ............................................................... 18 

2.2.1 Cost .......................................................................................................................... 18 

2.2.2 Schedule ................................................................................................................... 19 

2.2.3 Labor ........................................................................................................................ 20 

2.2.4 Quality ..................................................................................................................... 22 

2.2.5 Safety ....................................................................................................................... 23 

2.2.6 Project Organization ................................................................................................. 24 

2.2.7 Flexibility ................................................................................................................. 24 



v 

 

2.2.8 Engineering .............................................................................................................. 25 

2.2.9 Project Coordination ................................................................................................. 25 

2.2.10 Transportation ........................................................................................................ 26 

2.2.11 Procurement ........................................................................................................... 26 

2.3     Prefab’s Prompting Forces ........................................................................................... 26 

2.4     Prefab & BIM .............................................................................................................. 29 

2.5     Prefab Decision Making Tools ..................................................................................... 30 

2.6     Prefab Best Practices ................................................................................................... 32 

2.6.1 Project Review ......................................................................................................... 32 

2.6.2 Planning ................................................................................................................... 35 

2.6.3 Prefab ....................................................................................................................... 37 

2.6.4 Packaging ................................................................................................................. 40 

2.6.5 Transport .................................................................................................................. 40 

2.6.6 Closeout ................................................................................................................... 41 

2.7       Research Opportunities .............................................................................................. 42 

Chapter 3: Prefab Survey .......................................................................................................... 43 

3.1     Introduction ................................................................................................................. 43 

3.2     Methodology ............................................................................................................... 43 

3.3     Characteristics of Respondents .................................................................................... 44 

3.3.1 Location of Respondents ........................................................................................... 44 

3.3.2 Size of Companies .................................................................................................... 47 

3.3.3 Delivery Systems Used by Respondents .................................................................... 48 

3.3.4 Type of Electrical Work Performed by Respondents ................................................. 49 

3.3.5 Respondents’ Organizational Roles ........................................................................... 52 

3.4     Conclusion .................................................................................................................. 53 

Chapter 4: Current Use of Prefab .............................................................................................. 54 

4.1     Introduction ................................................................................................................. 54 

4.2     Prefab Use ................................................................................................................... 54 

4.2.1 Users vs. Non-Users ................................................................................................. 54 

4.2.2 Non-Users of Prefab ................................................................................................. 57 

4.3     Characteristics of Current Use ..................................................................................... 58 

4.3.1 Change in Prefab Use ............................................................................................... 58 



vi 

 

4.3.2 Experience with Prefab ............................................................................................. 59 

4.3.3 Labor Hours Percentage ............................................................................................ 61 

4.3.4 Method & Location of Prefab Work .......................................................................... 63 

4.3.5 Project Size & its Impact on Prefab Use .................................................................... 67 

4.3.6 Prefab Use in Electrical Activities ............................................................................. 69 

4.3.7 Advantages of Prefab ................................................................................................ 70 

4.3.8 Driving Factors of Prefab Use ................................................................................... 75 

4. 3.9 Impediments of Adopting Prefab ............................................................................. 76 

4.3.10 Prefab Best Practices .............................................................................................. 79 

4.4     Conclusion .................................................................................................................. 83 

Chapter 5: Prefab Projects ......................................................................................................... 85 

5.1     Introduction ................................................................................................................. 85 

5.2     Project Characteristics ................................................................................................. 85 

5.2.1 Location ................................................................................................................... 85 

5.2.2 Year of Completion .................................................................................................. 86 

5.2.3 Project Type ............................................................................................................. 87 

5.2.4 Type of Work ........................................................................................................... 89 

5.2.5 Delivery Systems ...................................................................................................... 89 

5.2.6 Cost, Duration and Complexity ................................................................................. 90 

5.2.7 Prefab Labor Hours and Activities ............................................................................ 92 

5.2.8 BIM Use ................................................................................................................... 93 

5.3     Prefab Impacts on Projects’ Performance ..................................................................... 94 

5.3.1 Cost .......................................................................................................................... 94 

5.3.2 Schedule ................................................................................................................... 97 

5.3.3 Labor ...................................................................................................................... 100 

5.3.4 Safety ..................................................................................................................... 103 

5.3.5 Quality ................................................................................................................... 104 

5.4     Conclusion ................................................................................................................ 105 

Chapter 6: Future Use of Prefab .............................................................................................. 107 

6.1     Introduction ............................................................................................................... 107 

6.2     Expected Use............................................................................................................. 107 

6.3     Investment ................................................................................................................. 110 



vii 

 

6.4     Conclusion ................................................................................................................ 113 

Chapter 7: Summary and Conclusion ...................................................................................... 114 

7.1     Introduction ............................................................................................................... 114 

7.2     Summary of Methods ................................................................................................ 114 

7.3     Summary of Results and Contributions ...................................................................... 114 

7.3     Research Limitation ................................................................................................... 118 

7.4     Future Research ......................................................................................................... 118 

APPENDIX A:  Bibliograohy ................................................................................................. 119 

APPENDIX B:  Survey Questionnaire and Cover Email .......................................................... 121 

APPENDIX C:  ‘R’ Input & Output ........................................................................................ 138 

APPENDIX D:  Responding Companies’ Information ............................................................. 149 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 



viii 

 

List of Figures 

Figure 1-1: Productivity in Construction and Non-Farm Industries (Teicholz 2004) ..................... 3 

Figure 1-2: Productivity in Construction and Non-Farm Industries (BLS 2013) ........................... 4 

Figure 1-3: Productivity Comparison of Construction and Other Businesses in Canada................ 5 

Figure 1-4: Operating Profit Margin for Electrical Contractors (RMA 1986-2013) ...................... 6 

Figure 1-5: Research Methodology ........................................................................................... 10 

Figure 1-6: Data Analysis Procedures........................................................................................ 13 

Figure 2-1: Driving Factors of Prefabrication and Preassembly (Haas 2000) .............................. 20 

Figure 2-2: Prefab Prompting Forces (Tatum 1987) ................................................................... 29 

Figure 2-3: Prefab Process (Susan 2009) ................................................................................... 32 

Figure 2-4: Project Review Logic Diagram (Susan 2009) .......................................................... 34 

Figure 2-5: Planning Logic Diagram (Susan 2009) .................................................................... 36 

Figure 2-6: Layout of a Prefab Shop (Meland 1984) .................................................................. 38 

Figure 3-1: Distribution of the Responding Companies ............................................................. 45 

Figure 3-2: Number of Responding Companies in Each State in the U.S. ................................... 46 

Figure 3-3: Number of Responding Companies in Each Province in Canada .............................. 46 

Figure 3-4: Responding Companies’ Billings in 2012-2013 ....................................................... 47 

Figure 3-5: Distribution of Delivery Systems Used by Responding Companies ......................... 49 

Figure 3-6: Type of Work Performed by the Responding Companies......................................... 50 

Figure 3-7: Type of Projects Performed by the Responding Companies ..................................... 51 

Figure 3-8: Respondents’ Organizational Roles ......................................................................... 52 

Figure 4-1: Prefab: Union vs. Non Union .................................................................................. 55 

Figure 4-2: Prefab Use Based on Company Size ........................................................................ 56 

Figure 4-3: Prefab Use Based on Company Location ................................................................. 57 

Figure 4-4: The Change of Prefab Use in the Last 10 Years ....................................................... 59 

Figure 4-5: Experience with Prefab vs. Company’s Billings ...................................................... 60 

Figure 4-6: Prefab Labor Hours Percent Based on Company Experience with Prefab................. 62 

Figure 4-7: Prefab Labor Hours Percent Based on Company Size .............................................. 62 

Figure 4-8: Prefab Labor Hours Percent: Union vs. Merit Shop ................................................. 63 

Figure 4-9: Prefab Method Based on Company Size .................................................................. 64 

Figure 4-10: Prefab Method Based on Prefab Labor Hours Percent............................................ 65 

Figure 4-11:  Prefab Location Based on Company Size ............................................................. 66 

Figure 4-12:  Prefab Location Based on Prefab Labor Hours Percent ......................................... 67 

Figure 4-13: Prefab Project Size Based on Company Size ......................................................... 68 

Figure 4-14: Prefab Project Size Based on Company Experience with Prefab ............................ 69 

Figure 4-15:  Prefab Advantages Compared to Conventional Construction ................................ 72 

Figure 4-16: Change in Craft Productivity Based on Overmanning Reduction Due to Prefab ..... 73 

Figure 4-17: The Ratio of Labor Hour in the Shop to the Labor Hour in the Field ...................... 74 

Figure 4-18: Prefab Driving Factors .......................................................................................... 75 

Figure 4-19: Technologies Used for Good Prefab ...................................................................... 81 

Figure 4-20: Best Project Delivery System for Prefab ................................................................ 82 



ix 

 

Figure 5-1: Year of Project Completion ..................................................................................... 87 

Figure 5-2: Project Types .......................................................................................................... 88 

Figure 5-3: Type of Work in the Projects................................................................................... 89 

Figure 5-4: Project Delivery Systems Used in the Projects......................................................... 90 

Figure 5-5: Electrical Activities in Which Prefab Was Used ...................................................... 93 

Figure 5-6: Prefab Impacts on Total Project Cost ...................................................................... 96 

Figure 5-7: Cost Reduction Based on Prefab Labor Hours Percent in the Projects ...................... 97 

Figure 5-8 Prefab Impacts on Project Schedule.......................................................................... 99 

Figure 5-9: Schedule Reduction Based on Prefab Labor Hours Percent in the Projects ............. 100 

Figure 5-10: Prefab Impacts on Project Labor Efficiency ......................................................... 102 

Figure 5-11: Labor Efficiency Increase Based on Prefab Labor Hours Percent in the Projects .. 103 

Figure 6-1: Prefab Use Offering Competitive Advantage Based on Companies’ Future Use .... 110 

 

List of Tables 

Table 1-1:  Labor Productivity Percentage Change for Construction and Non-Farm Business ...... 4 

Table 2-1: Cost Tradeoffs of Modularization (Tatum 1987) ....................................................... 19 

Table 2-2: Estimated Effect of Temperature on Work Efficiency (Meland 1984) ....................... 21 

Table 2-3: Labor Risks and Prefab Factors that Help to Mitigate (CII 2002) .............................. 22 

Table 2-4: Work-Related Fatalities, Injuries, and Illnesses in Construction Industry .................. 23 

Table 2-5: Level of Involvement of Electrical Contractors with BIM (Michael 2012) ................ 30 

Table 2-6: Decisions-Making Tools and the Technologies of MODEX and Neuromodex .......... 31 

Table 2-7: Contents of Prefab Shop (Meland 1984) ................................................................... 39 

Table 3-1: Location of the Responding Companies .................................................................... 45 

Table 3-2: Delivery Systems Used by the Respondents.............................................................. 48 

Table 3-3: Responding Company Profiles ................................................................................. 51 

Table 4-1: Prefab Use in the Electrical Construction Industry .................................................... 55 

Table 4-2: History of Prefab Use for Non-Users ........................................................................ 58 

Table 4-3: Electrical Contractors’ Duration of Prefab Use ......................................................... 60 

Table 4-4: Percentage of Prefab Labor Hours ............................................................................ 61 

Table 4-5: Method of Prefab ..................................................................................................... 64 

Table 4-6: Location of Prefab .................................................................................................... 66 

Table 4-7: Size of Projects in Which Electrical Contractors Use Prefab ..................................... 68 

Table 4-8: Prefab Use in Different Electrical Activities ............................................................. 70 

Table 4-9: Project Team Members and Their Benefit from Using Prefab ................................... 75 

Table 4-10: Prefab Impediments................................................................................................ 77 

Table 4-11: Prefab Impediments (Union Contractors) ................................................................ 78 

Table 4-12: Prefab Impediments (Merit Shop Contractors) ........................................................ 78 

Table 4-13: Prefab Best Practices .............................................................................................. 80 

Table 5-1: Distribution of the Projects ....................................................................................... 86 

Table 5-2: Driving Distance Between Company Location and Prefab Project Location .............. 86 

Table 5-3: Project Type of Construction .................................................................................... 88 



ii 

 

Table 5-4: Project Cost.............................................................................................................. 91 

Table 5-5: Project Duration ....................................................................................................... 91 

Table 5-6: Project Level of Complexity ..................................................................................... 92 

Table 5-7: Percent of Labor Hours spent on Prefab in Projects .................................................. 92 

Table 5-8: BIM Use in Projects ................................................................................................. 93 

Table 5-9: Prefab Impacts on Cost-Related Project Issues.......................................................... 95 

Table 5-10: Cost Reduction Due to Prefab................................................................................. 96 

Table 5-11: Prefab Impacts on Schedule-Related Project Issues ................................................. 98 

Table 5-12: Schedule Reduction due to Prefab .......................................................................... 99 

Table 5-13: Prefab Impacts on Labor-Related Project Issues.................................................... 101 

Table 5-14: Labor Efficiency Increase Due to Prefab............................................................... 102 

Table 5-15: Prefab Impacts on Safety-Related Project Issues ................................................... 104 

Table 5-16: Prefab Impacts on Quality-Related Project Issues ................................................. 105 

Table 6-1: Predicted Future Use of Prefab on Projects by Electrical Contractors ...................... 108 

Table 6-2: Future Use of Prefab by Electrical Contractors Currently Using Prefab ................... 108 

Table 6-3: Future Use of Prefab by Electrical Contractors Not Currently using Prefab ............. 109 

Table 6-4: Electrical Contractors Evaluae Prefab Use as a Competitive Advantage .................. 109 

Table 6-5: Prefab Users’ Plans to Improve Their Use of Prefab During the Next Two Years .... 112 

Table 6-6: Prefab Non-Users’ Plans to Begin Using Prefab During the Next Two Years .......... 112 

 



1 

 

Chapter 1 Introduction 

 Today, electrical contractors face a variety of challenges including productivity decline, fast-

track project demands, low profit margin and increasingly complex projects. To address these 

challenges, electrical contractors need to continually look for innovative approaches to improve and 

optimize various construction processes. One such promising approach is prefab. While prefab has 

been covered by several studies in literature, research on its application in the electrical construction 

industry remains very limited. This research fills this gap in literature by comprehensively evaluating 

the use of prefab in the electrical construction industry. 

 This chapter will begin by introducing the definition of prefab. Next, it will discuss the 

motivation of the research followed by the problem statement, the research’s objectives and the 

methodology that was used in this study. 

1.1  Definitions of Terms 

1.1.1 Prefab 

 In the literature, there are four terms for pre-work in the construction industry. These terms 

are: prefabrication, preassembly, modularization and offsite fabrication. The definitions of these 

terms are as follows: 

Prefabrication: “Prefabrication is a manufacturing process, generally taking place at a specialized 

facility, in which various materials are joined to form a component part of final installation. 

Prefabricated components often involve the work of single craft” (Tatum 1987). 

Preassembly: “Preassembly is a process by which various materials, prefabricated components 

and/or equipment are joined together at a remote location for subsequent installation as a unit. 

Completion of the preassembly may involve additional work operations at the site away from the 
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point of final installation. Preassemblies typically contain portions of systems and require work by 

multiple crafts” (Tatum 1987). 

Module: “A module is a major section of a plant resulting from a series of remote assembly 

operations and may include portions of many systems; usually the largest transportable unit or 

component of a facility” (Haas 2002). 

Offsite fabrication: “The practice of preassembly or fabrication of components both off the site and 

onsite at a location other than at the final installation location” (Haas 2002). 

 In this thesis, for the sake of simplicity and to follow what is actually used in the industry, all 

of these practices are referred to as “prefab.” 

1.2 Research Motivation 

1.2.1 Problems in the AEC industry 

 Many studies have revealed that the architecture-engineering-construction (AEC) industry 

suffers from a continuous decline in labor productivity. Productivity can be defined either as input 

(i.e., resources) divided by output (i.e., completed work), or as output divided by input (Hanna 1999). 

From 1964-2003, construction productivity, as measured by constant contract dollars of new 

construction work per hourly work hour, has declined at an average compound rate of -0.59 percent 

per year (see Figure 1-1). Over that same time, the labor productivity in all non-farm industries has 

experienced an increasing productivity of 1.77 percent per year (Teicholz 2004). 
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Figure 1-1:  Productivity in Construction and Non-Farm Industries (Teicholz 2004) 

Figure 1-2 and Table 1-1 display an updated version of the previous graph based on the data 

developed by the Bureau of Labor statistics in 2013. They show that since 2005, construction 

productivity, as measured by output per hour, is less than the productivity of the private non-farm 

business. Another similar productivity trend is shown in Figure 1-3 for the Canadian construction 

industry. This graph displays that construction labor productivity has increased over the last 50 years, 

but it is still behind the productivity in the business sector (Iwanski 2013). 
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Figure 1-2:  Productivity in Construction and Non-Farm Industries (BLS 2013) 

Table 1-1:  Labor Productivity Percent Change for Construction and Non-farm Business (BLS 2013) 

% Change per Year in Labor Productivity (Output/Hour) 

Year 
The percent change in 

Construction 

The percent change 

in Private non-farm 

business  

1987-2011 -0.7 2.1 

1987-1990 -2.6 1.4 

1990-1995 0.7 1.6 

1995-2000 0.6 2.7 

2000-2007 -1.7 2.6 

2007-2011 -0.7 1.7* 

*The % change from 2007-2012 
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Figure 1-3:  Productivity Comparison of Construction and Other Businesses in Canada (Statistics Canada 2013) 

Improving labor productivity is very important for profitability in all types of industries, 

especially in high-risk industries. Electrical construction can be considered as a high-risk industry due 

to low profit margins (3–4 percent) and a high labor component (40–60 percent) of the electrical cost 

(Hanna 2002). In addition, electrical contractors carry the schedule delay caused by the other trades 

working before them on a project.  

90 percent of electrical contractors have experienced schedule compression of their original 

or normal project duration. The most frequent reaction of contractors to a schedule compression is to 

increase the on-site labor force by working longer time, implementing shift works or adding more 

workers. Among these options, adding more workers is the most common. Adding more workers can 

result in overmanning, which can be defined as an increase of the peak number of workers of the 

same trade over the actual average manpower during a project (Hanna 2005). Overmanning is one of 

the most substantial reasons for this continuous productivity decline in construction labor 

productivity. Hanna has estimated a 0 percent to 41 percent loss of productivity in similar trade 

(mechanical construction) depending on the level of overmanning and the peak project manpower.  
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 In addition, electrical contractors have a very unstable profit margin (gross profit minus 

overhead). Figure 1-4 shows how the operating profit margin has continually gone up and down since 

1982. However, since 2010, it has constantly been dropping. This continual drop highlights the 

importance of finding innovative approaches to address the declining profit margin (Hanna 2010). 

 

 

Figure 1-4: Operating Profit Margin for Electrical Contractors (RMA 1986-2013)       

 Finally, Over the last half of the 20
th
 century, the construction industry has significantly 

grown in size and volume.  The number of contractors working has increased from 800,000 in 1960 to 

2,600,000 in 2003. While the number of contractors doing work has increased, the volume of work 

has remained virtually constant in 1960 dollars.  This implies that there is a lot of competition for 

available work  in the industry (Hanna 2010). 
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1.2.2 Prefab: A Potential Solution 

Past research studies revealed that the appropriate use of prefab has a positive impact on 

project performance (Tatum 1987). Generally, prefab may have the potential to positively affect the 

project through different project factors: cost, quality, schedule, safety and productivity (Gibb 1999). 

Tatum (1987) discussed how prefab (preassembly) can have the potential to improve the 

project schedule; Tatum believed that there are two main reasons for this: first, work can be 

performed in parallel instead of the conventional sequential method; and second, is high off-site 

productivity. Meland (1984) offered a good example of how prefab may save time that workers often 

spend before and after their break. Meland explains that; in the case of on-site work, workers must 

gather their tools and lock them up before their break, and when they come back, they must spend 

more time retrieving them. 

Tatum (1987) showed that, due to prefab (preassembly), the estimated labor cost savings on 

industrial projects is 20 to 59 percent compared to the stick-build construction method. Nevertheless, 

Tatum mentioned at the end of his research that the cost implications of prefab are not clear enough. 

In 2002, the Construction Industry Institute (CII) showed how prefab has the potential to increase 

labor productivity, decrease labor wages and decrease the number of workers on-site. In addition, CII 

showed in its research that in the case of utilizing prefab, the all-in wage rate (base wage, fringe and 

equipment) may be 30 percent lower than in the case of using the conventional construction methods. 

Managing labor risk is another important labor-related goal, which can be achieved by utilizing 

prefab. Risks associated with delays, safety, labor availability and labor retention and attraction can 

all be managed and reduced due to the characteristics of prefab (CII 2002). On the other hand, 

Meland (1984) explained another point of view related to the labor attraction. He noted that field 

people often resent prefab because they think it will diminish their status and turn them into installers. 

Also, the unions often oppose prefab because they think it will limit the amount of work available for 

their members. 
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Tatum (1987) explained how the increased use of prefab offers the potential to gain a 

competitive advantage by allowing contractors to bid for projects that require limited amounts of    

on-site work, even bidding for work in another country which can also assist in lessening a local 

monopoly. In addition, prefab has the potential to help contractors decrease the project cost and 

schedule, which is often a main component in winning project bids. 

However, there is a gap in the literature about prefab in the electrical contracting industry. No 

recent research exists that is specific to the electrical contracting industry. The most comprehensive 

research done in the area of prefab was conducted by the CII in 1987. This CII research was not 

specific to the electrical contracting industry and it is not recent. Since 1987, some studies have been 

conducted on prefab but they are not as comprehensive as the CII study and are not specific to the 

electrical contracting industry. Now, in 2014, many changes have happened in the construction 

industry in general, and consequently, in the electrical contracting industry. These changes include 

but are not limited to the advancement in information technology available to the design and 

construction industry, the increased use of Building Information Modeling (BIM) and the appearance 

of new collaborative project delivery systems such as Integrated Project Delivery (IPD).  

The lack of recent comprehensive research and the lack of research specific to the electrical 

contracting industry motivated the need for this research that aims to fill this gap.  

1.3 Problem Statement 

Electrical contractors are facing important challenges such as low labor productivity levels, 

low and fluctuating profit margins and frequent schedule compressions. Consequently, electrical 

contractors should think about adopting non-conventional construction methods to improve their 

performance, and prefab is a noteworthy choice.  
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This research will provide insight for electrical contractors into the current use of prefab, 

trends of future use and the impacts of using prefab on projects, which will assist in increasing and 

improving the use of prefab in the electrical contracting industry. 

1.4 Research Objectives  

 This research presents a comprehensive evaluation of the performance of prefab in the 

electrical contracting industry. The specific research objectives were as follows: 

1- Study the state of prefab usage in the electrical construction industry: Investigate how 

and where prefab is performed, the typical size of the projects in which prefab is used, the 

electrical activities in which prefab is used, how often it is used for each activity, the average 

use of prefab in terms of percentage of labor hours in one project and the technologies 

electrical contractors use to achieve good prefab performance. 

2- Analyze the impact of prefab on project performance: Determine how prefab affects 

the project performance in terms of cost, schedule, quality, labor productivity and safety. 

3- Develop guidelines for good electrical prefab implementation: Study the requirements 

of good and successful prefab to help contractors receive the utmost benefits from adopting 

prefab. 

4- Study the future of prefab use in the electrical construction industry: Predict the 

percentage of the electrical construction projects that will be implementing prefab in the 

next two years and how the electrical contractors are working on developing their company 

prefab procedures. 
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1.5  Methodology  

 The methodology of this research included three main steps: literature review, data collection, 

and data analysis and conclusion. Figure 1-5 shows the outline of the steps taken in this research and 

the following paragraphs explain every step in detail. 

 

Figure 1-5: Research Methodology 

1.5.1 Literature Review 

 The first step of this research consisted of reviewing previous prefab literature. The main 

goals of the literature review were to understand how prefab had been studied before and use the 

results of these studies as a starting point for this research. The literature involved studying many 

topics, including the history of prefab, the decision-making tools or frameworks which were 

developed to aid in evaluating the applicability of prefab on particular projects, in addition to the 
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relationship between prefab and Building Information Modeling (BIM). This review revealed a 

significant gap in the literature about prefab in the electrical contracting industry. The full literature 

review can be found in Chapter 2. 

1.5.2 Data Collection 

 Based on the literature review, a pilot survey was implemented. This pilot survey was 

reviewed by four electrical firms and the University of Wisconsin-Madison survey center.  Following 

the review step, the survey was generated online and emailed to electrical contractors using Qualtrics, 

which is a web-based survey service that is available for use to all UW-Madison faculty, staff and 

students. 142 electrical contractors from the United States and Canada responded to the survey. 

1.5.3 Data Analysis 

  After data collection, two types of statistical tests were used to analyze the data. The first test 

was a Chi-squared for contingency table, which is sometimes called a test of independence or a test of 

association (Samuels 2011). The other test used in this research is a paired t-test. In both of these 

tests, ‘R’, the statistical software package, was used to perform the statistical computation. 

a- Chi-squared Test 

 The Chi-squared test was used to determine the association (correlation) between variables in 

the data that were received through the survey. The main motive to use this test is that it is designed 

to study the association (correlation) between categorical variables. All the variables of the data 

collected through the survey were categorical (either ordinal or nominal)   (Samuels 2011). In general, 

all the following conditions for validity of this test were satisfied in this research: 

(1) The two variables under the study are both categorical, 

(2) The data can be viewed as one random sample, observed with respect to two categorical 

variables and the observation within the sample must be independent of each other, 
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(3) The sample size should be large enough. In case of doing this test for 2 x 2 contingency table, 

the approximation is considered adequate if each expected frequency (Ei) is at least equal     

to five. But for r x k contingency table with more than two rows and columns, the 

approximation is adequate if the average expected frequency is at least five, even if some of 

cells counts are smaller (Samuels 2011). If this assumption does not hold, the Chi-squared 

test statistic will not follow Chi-square distribution. The Monte Carlo method implemented in 

R can be used to simulate the sampling distribution of Chi-squared test statistic to get a more 

accurate P-value (R online tutorials). 

 To perform the Chi-squared test, three main steps were followed: (1) creating the contingency 

table, (2) calculating the Chi-squared value and the P-value and (3) using the stacked relative 

frequency (percentage) chart, which gives a visual impression of the data distribution. Figure 1-6 

displays the outline of the test procedures, and the following paragraphs will explain this outline in 

detail. 



13 

 

 

Figure 1-6: Data Analysis Procedures 

 

Step 1: Creating the contingency table 

 The contingency table is a table that displays the frequency distribution of two variables (row 

variable and column variable). Contingency tables are constructed by listing all the levels of one 

variable as rows and the levels of the other variable as columns, then finding the joint or cell 

frequency for each cell. The cell frequencies are then summed across both rows and columns. 

Appendix C includes the tables for all of the Chi-squared tests that were performed in this study. 
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Step 2: Calculating the Chi-square value and the P-value  

 The next step after creating a contingency table (with r rows and k columns) is to apply the 

Chi-squared test to this contingency table. The test can be summarized as follows: 

- Null hypothesis (H0): row variable and column variable are independent 

 

            Alternative hypothesis (HA): row variable and column variable are associated 

 
 

- Calculation of expected frequencies: 

 

    
(         )   (             )

           
 

 

-  Test statistics: 
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(      )

 

  
         

 

 

 
 

 

 

 
Using the Chi-squared distribution and with degree of freedom equal to df, the P-value of the test 

could be calculated. If the P-value was less than 0.05, the null hypothesis would be rejected, which 

would be interpreted as a correlation between the row variable and the column variable. 

Step 3: Plotting the stacked relative frequency (percentage) chart 

 The stacked relative frequency graph gives a visual impression of the data distribution. In the 

case of rejecting the null hypothesis (correlated variables), this graph gives an indication of how the 

two variables correlate with each other by indicating the trend of this correlation (positive or 

negative). 

O = the frequency observed  

E = the frequency expected  

df = (number of rows - 1) X (number of columns -1) 
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b- Paired T-test 

 A two-tailed paired t-test was used to determine whether there is a significant difference 

between the mean values of the same measurement in two different groups. The null hypothesis is 

that the difference in the mean values is zero. The same significance level (5 percent) was used in this 

test. 

1.6 Report Organization 

 Chapter 2 presents the literature review that was conducted. It discusses six main points: 

prefab history, the impact of prefab on project performance, prefab’s prompting factors, the 

relationship between prefab and BIM, prefab decision-making tools and prefab best practices. 

 Chapter 3 shows how the survey was developed and sent to electrical contractors in the 

United States and Canada. In addition, it introduces the characteristics of the 142 responding 

companies in terms of company size, company location, type of works and projects performed by the 

responding companies and the respondents’ organizational role. 

 Chapters 4, 5 and 6 present the results of the statistical analysis performed on the data 

collected in the survey. Chapter 4 discusses the current use of prefab throughout the electrical 

contracting industry. Chapter 5 looks at specific examples of how prefab is used in the electrical 

contracting industry. This chapter shows the analysis conducted on 89 projects that implemented 

prefab. Chapter 6 predicts the use of prefab in the next two years and introduces the plans of electrical 

contractors to improve their prefab use in the future. 

Chapter 7 summarizes the results and presents the conclusions of this research. 
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Chapter 2 Literature Review 

This chapter will discuss a comprehensive review of the previous literature on prefab. The 

review is divided into six main sections: (1) historical development of prefab, (2) prefab’s impact on 

project performance, (3) prefab’s prompting forces, (4) prefab & BIM, (5) prefab decision making 

tools and (6) prefab best practices. This chapter will also identify this research opportunities. 

2.1      Historical Development of Prefab 

The concept of prefab in the construction industry is not new. It was used to build the 

Egyptian pyramids and the Greek temples. However, only in the recent decades the modern industry 

has just begun to take significant advantage of this special construction method (CII 2002).The usage 

of prefab in the modern industry has been influenced by wars, economic shifts and housing booms, 

which is why we find fluctuations in the rate of prefab usage in the last few decades (Haas 2000). 

  A point to consider is that almost all the documented dates of historical development in 

prefab are related to the housing construction industry. Little information is available on the other 

construction disciplines. The following two sections summarize the history of prefab. 

2.1.1 The Kickoff 

It is difficult to know the exact date that prefab began in the modern construction industry, 

but several instances in history can be viewed as an early foundation of prefab.  In 1624, the English 

brought with them to Cape Ann a penalized house of wood for use by the fishing fleet (Peterson 

1948). This house was subsequently disassembled, moved and reassembled several times. Then in 

1638, the Swedish introduced pre-cut log cabinets (Tatum 1987). 
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In the United States, modern prefab started over a hundred years ago in the housing industry 

when the wooden frame house was developed (Bruce 1943). This is apparent in what were called 

“mail-order houses” in the 1900s, but there was little acceptance for these houses and few houses 

were built using this method. In the 1940s, World War II created the need for houses that were easy to 

disassemble and did not require a high density of on-site labor to install, which increased the usage of 

prefabricated houses. During the war years, the Federal Housing Administration (FHA) constructed 

116,000 units and other agencies an additional 80,000 units (Tatum 1987; Haas 2000). In 1968, the 

Department of Housing and Urban Development (HUD) sponsored the “in-cities program” to test 

new housing innovations, but the results were disappointing. No technical information or conclusions 

reached the public because the editors of these publications did not belong to the construction 

industry (Tatum 1987). 

2.1.2 Operation Breakthrough 

  In 1969, the United States started a program called Operation Breakthrough to push 

industrialization in the construction industry, especially in housing. This program was one of the 

biggest landmarks for the development of industrialized housing in America, but it was not successful 

due to many reasons including poor management, improper execution and unclear goals. This 

program negatively affected the reputation of prefabrication. Prefabrication came to be associated 

with the failed housing project of Operation Breakthrough, which resulted in decreased usage of 

prefabrication (quot. in Haas 2000). 
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 2.2       Prefab’s Impact on the Project Performance 

Past research studies have revealed that the appropriate use of prefab has a positive impact on 

project performance (Tatum 1987). Many benefits from the use of prefab have been recognized, 

though these benefits may vary with the type of prefab used (CII 2002). Generally prefab may have 

the potential to positively affect the project through different project factors: cost, quality, schedule, 

safety and productivity (Gibb 1999). While the benefits of prefab help to determine the use of prefab 

as an option, the final decision is influenced by the balance between advantages and impediments. 

Common impediments to the use of prefab include increased engineering requirements, transportation 

considerations, coordination, and communication and organizational requirements (CII 2002). 

In 2000, a study was conducted to estimate the progress in prefabrication and preassembly 

use.  Based on a survey of 29 construction professionals with the combined experience of over 700 

years, this research found that the average use of these two methods (in terms of percent of overall 

project work) had nearly doubled over the preceding 15 years, increasing from 14 percent to 27 

percent. The same study also ranked the advantages of using these methods compared to the 

conventional method: reducing on-site labor congestion, better safety, and better site conditions had 

the most advantages over the conventional method. This study also noted that the amount of          

pre-planning, project coordination, and transportation are the most significant impediments to 

prefabrication and preassembly (Haas 2000). 

2.2.1 Cost 

Cost reduction is one of the leading objectives on any project, which makes prefab an 

attractive method for contractors. Tatum (1987) showed that, due to preassembly, the estimated labor 

cost savings on industrial projects is 20 to 59 percent compared to the stick-build construction 
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method. Nevertheless, Tatum mentioned at the end of his research that the cost implications of prefab 

are not clear enough. 

 Based on experience from a desalting program in the Middle East, a study was conducted to 

compare the modularization method and the conventional stick-built method. It was found that in the 

case of modularization, there were potential savings of about 10 percent in the capital cost of the 

project. This resulted from substantial savings during the construction phase of the project that were 

higher than the increased  cost of  design, procurement, and shipping, as the procurement cost 

increased 20 percent and the shipping cost increased 10 percent (quot. in Murtaza 1993). Table 2-1 

shows an example of how modularization increased some project costs, but the overall cost was 

reduced.  

Table 2-1: Cost Tradeoffs of Modularization (Tatum 1987) 

LaBarge Gas Plant project: Modular vs. Site Constructed 

Savings: Additional Costs: 

Increased productivity at fab yard 8.0% Transportation 1.5% 

Reduced wages and overhead 3.0% Engineering 1.0% 

Improved on-site efficiency  1.0% Materials 0.5% 

Net savings in total installed cost 9.0% 

 

For electrical contractors, it will be important to study the effect of adopting prefab on the 

project cost because electrical construction is considered a high-risk industry due to a low profit 

margin (3-4 percent) and a high labor cost (40-60 percent of the electrical cost) (Hanna 2002). 

2.2.2 Schedule 

  The schedule is the most important driver of the use of prefabrication and preassembly (see 

Fig 2-1) (Haas 2000).  Prefab (preassembly) may have the potential to improve the project schedule 
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due to two main reasons: work can be performed in parallel instead of in the conventional sequential 

method, and the second reason is the off-site productivity (Tatum 1987).  There are secondary reasons 

as well, like reducing project shutdowns, allowing work to begin offsite while site permits are being 

processed, and replacing or repairing equipment or tools used in the shop faster. Meland (1984) 

offered a good and simple example of how prefab can save time that workers consume before and 

after their break: in the case of on-site work, they have to gather their tools and lock them up before 

the break, and when they come back, they must spend more time retrieving them. Haas (2000) 

mentioned an example for how prefab decreased the schedule by 40 percent on a power plant 

construction project when the contractor used modularization to build 150 and 450 MW power plants. 

On the contrary, prefab may have a negative impact on the project schedule due to increased 

transportation time. 

 

Figure 2-1:  Driving Factors of Prefabrication and Preassembly (Haas 2000)            

2.2.3 Labor 

Prefab has the ability to increase labor productivity, decrease labor wages and decrease the 

number of workers on-site (CII 2002). CII also showed in its research that in the case of utilizing 

prefab, the all-in wage rate (base wage, fringe and equipment) may be 30 percent lower than in the 

Total number of 

respondents = 29 
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case of the conventional construction method. Labor productivity is where a significant risk exists for 

construction contractors and where the project’s success lies, as the labor cost represents between 10-

50 percent of the total project cost depending on the project size and type of construction (Russell 

2004). Prefab also has the potential to increase labor productivity due to: ground level work, easier 

access to tools, increased opportunity for automation, easier access to information, and controlled 

weather and lighting (CII 2002). Table 2-2 shows how the factor-controlled temperature can affect the 

productivity and efficiency of the work. 

Table 2-2: Estimated Effect of Temperature on Work Efficiency (Meland 1984) 

Effective temperature* 

(°F) 

Loss of efficiency in percent of 

total labor hours 

Rough work Fine work 

104 60 No estimate 

86 40 No estimate 

77 30 No estimate 

68 0 0 

41 0 15 

32 0 20 

23 0 35 

14 5 50 

-4 10 60 

-22 25 90 

-31 35 100 

*Standard conditions are taken as temperature 68 °F, humidity 50 percent, wind 1.86 MPH  

 Managing labor risk is another important goal that can be achieved by utilizing prefab. Risks 

associated with delays, safety, labor availability, and labor retention and attraction can all be managed 

and reduced due to the characteristics of prefab. With regard to weather delay, prefab can decrease it 

because it revolves around inside work in a controlled environment. Working off-site can also reduce 

the risk of injury as the high elevation and hazardous area work can be performed at ground level. In 

addition, prefab can lessen the risks associated with labor availability. Projects in areas with 

insufficient labor can benefit from relocating work to shops with adequate labor forces. Labor 
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attraction and retention may also improve by relocating work to shops as many workers are now 

searching for a more permanent work location, more favorable work condition, and predictable hours 

(CII 2002). Table 2-3 summarizes the labor risks and prefab factors that help reduce them. On the 

other hand, Meland (1984) explained another point of view related to the labor attraction. He noted 

that field people often resent prefab because they think it will diminish their status and turn them into 

installers. The unions also often oppose prefab because they think it will limit the amount of work 

available for their members. 

Table 2-3: Labor Risks and Prefab Factors that Help in Mitigation (CII 2002) 

Weather delays Prefab work can be completed indoors 

Permit delays Prefab work can be completed offsite while 

permits are being acquired 

Weather safety Work can be performed in controlled shop 

environment at ground level 

Labor availability Work can be relocated to areas with more 

adequate labor 

Labor retention and 

attraction 

Workers often prefer jobs with more consistent 

locations, hours and work environment 

                                

2.2.4 Quality  

Through the use of prefab, quality can be improved due to controlled factory and production 

conditions, repetitive work procedures, and automated machinery (Haas 2000). It can also enhance 

the quality control due to the controlled manufacturing facilities in which the components are 

constructed (CII 2002). Another related point is that prefab can potentially decrease the 

environmental impact of the project because of reduced jobsite construction duration and decreased 

field labor requirements (Haas 2000). The waste of building material accounts for between 15 and 30 

percent of urban waste and is difficult to recycle due to high levels of contamination and a large 
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degree of heterogeneity, which further calls the need for new construction methods that can 

potentially reduce the environmental impacts of the construction projects (quot. in Formoso 2002). 

2.2.5 Safety 

Few years ago, contractors began to consider project safety the first priority. This is the 

reason why the number of construction fatalities has decreased over the last few years. However, the 

construction industry still needs to make more progress in the safety aspect to reach better results. 

Table 2-4 presents data for the construction industry on the number of work-places and the rates of 

workplace injuries and illnesses per 100 full-time workers in construction. An injury or illness is 

considered to be work-related if an event or exposure in the work environment either caused or 

contributed to the resulting condition or significantly aggravated a pre-existing condition (US Bureau 

of Labor Statistics 2013). 

Table 2-4: Work-Related Fatalities, Injuries, and Illnesses in Construction Industry (US Bureau of Labor 

Statistics 2013) 

Data Series 2008 2009 2010 2011 

Fatalities 

Number of fatalities 1,016 879 802 781 

Rate of injury and illness cases per 100 full-time workers 

Total recordable cases 4.7 4.3 4.0 3.9 

Cases involving days away from work, job restriction, or             
transfer 

2.5 2.3 2.1 2.1 

Cases involving days away from work 1.7 1.6 1.5 1.5 

Cases involving days of job transfer or restriction 0.7 0.7 0.6 0.7 
 

With prefab, workers face less exposure and companies have a greater chance to decrease safety risks. 

Prefab is done at the grade level, which reduces the workers exposure to weather, heights, hazardous 

operations and neighboring construction activities (CII 2002). On the other hand, prefab may involve 

larger lifts, requiring further safety planning depending on the size and weight of the prefabricated 

components. 

http://www.bls.gov/iif
http://www.bls.gov/iif
http://www.bls.gov/iif
http://www.bls.gov/iif
http://www.bls.gov/iif
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2.2.6 Project Organization  

A project using a special construction method may require different organization and staffing 

from a project using the conventional methods. Aditionally, the activities will be different as major 

activities can be removed and new ones may be added. This change in activities can also result in a 

change in the work breakdown structure (WBS) of the project, as modules and preassembled items 

will be the main components of the work breakdown structure (Tatum 1987). Prefab may change the 

operation of each functional discipline on the project. The role of the supplier increases, and, in some 

cases, the supplier also can work directly with the owner. Management requirements for the project 

may be increased, as a strong presence of the client may be required to maintain cost, schedule and 

quality control. Regardless of who procures the material, the procurement process can be more 

complicated, which necessitates that the responsible party understand that the material procurement 

can be required earlier than similar conventional projects. For example, instruments or control 

equipment are usually installed at the end of project, but with prefab it may be procured early to be 

installed in the off-site shop and then sent to the site (CII 2002). Overall, the organizational 

requirements become more complicated when using prefab. This is reflected in the changing roles of 

participants, and the increased complexity of procurement. 

2.2.7 Flexibility 

Scope flexibility can be decreased when using prefab, especially when using modularization.  

This is why prefab use needs a well-defined project scope early, as it is very difficult to make 

modifications after the project has begun (CII 2002). 
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2.2.8 Engineering 

The engineering of a prefab project is different from conventional projects. This may be 

reflected in the engineering cost, the percentage of completed engineering design prior to construction 

and the required engineering to assure compliance between fabricated assemblies. With regard to the 

engineering cost, case studies show that the engineering cost can increase as much as 15 percent due 

to prefab. Compared the conventional methods and depending on the extent of prefab use, it may be 

necessary to complete a higher percentage of the engineering design before starting the construction 

phase. Tatum (1987) showed that in the case of using prefab, it is necessary to complete 90 percent of 

the design before starting construction. Since the components are fabricated in the shop and shipped 

to the installation location, further engineering may be required to assure compliance between the 

fabricated assemblies (CII 2002). 

2.2.9 Project Coordination  

Before making the decision to adopt prefab on a project, it is important to understand the 

extensive coordination required prior to and during construction. Prefab has the potential to increase 

the interdependency of activities within each of the major disciplines, which makes the coordination 

between these disciplines very important. In addition to the increased interdependency between 

disciplines, the addition of major new activities such as transportation and erection may also have to 

be coordinated, as these new activities can result in some changes in the work breakdown structure 

and may affect schedule considerations such as the critical path. Further coordination may be required 

for the material management, supply chain scheduling, and off-site and on-site parallel working 

(Tatum (1987); CII 2002). 
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2.2.10 Transportation  

Transportation logistics are very influential in determining prefab feasibility. This feasibility 

study should consider the size and weight of the prefabricated components, route restriction, required 

permits, and the availability of lifting equipment (CII 2002). 

2.2.11 Procurement 

Prefab offers a great potential to change project procurement operations. These changes can 

be described as follows: (1) prefab can increase the procurement scope and add several new criteria 

into different procurement decisions, (2) if the sequence and schedule for delivery is altered, prefab 

may require earlier delivery of materials from the supplier, (3) the need to deliver the materials early 

to the contractor can result in making the standard warranty terms inappropriate, (4) the accelerated 

procurement schedule makes fixed-price contracting very difficult, and (5) the more prefabrication 

that occurs off-site, the more shop supervision and quality control is required to monitor the 

performance of the vendors (Tatum 1987). 

2.3        Prefab’s Prompting Forces 

After studying the impacts of using prefab on a project, it is good to know the forces that can 

prompt the use of prefab. Tatum (1987) classified these forces into two categories: external and 

internal (see Figure 2-2). The external forces include adverse site and local area conditions, 

competitive conditions, specialized building or process technology, and advantages of manufacturing 

conditions. 

1) Adverse site and local area conditions:  Unfavorable weather conditions, limited resources, and 

the lack of skilled labor and material in the site provide strong incentives for adopting prefab. In 
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addition, prefab can be a good way to overcome problems related to the site, such as remote location 

or having adjacent facilities that impose safety risks and construction restrictions.   

 2) Competitive conditions:  Prefab may allow contractors to bid for projects that require limited 

amounts of on-site work, even bidding for work in another country which can also assist in lessening 

a local monopoly. In addition, prefab has the potential to help contractors decrease the project cost 

and schedule, which is often a main component in winning project bids. 

3) Specialized building or process technology: When suppliers offer products that have advantages 

over the conventional construction methods in project execution or performance, these advantages 

may boost the use of prefab. 

4) Advantages of manufacturing conditions:  Completing the work in a shop rather than in the field 

can enhance quality, increase labor productivity, and eliminate many uncertainties of the construction 

site. 

The second forces category is the internal categories that include demanding schedules, owner or 

regulatory demands, specialized design requirements, modular design or repetitive units, and potential 

cost savings. 

1)  Demanding schedules: An owner’s need for the shortest possible duration for the project can 

encourage the contractor to adopt new construction methods like prefab to shorten the project 

schedule in order to meet the owner’s requirements. 

2)  Owner or regulatory demands: Regulatory agencies with jurisdiction over the project may 

impose conditions that demand the use of prefab. These agencies may encourage the use of prefab to 

minimize the environmental impact of a certain type of project or to meet public objectives like low 
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income housing. Owners also may encourage using prefab if they had good experiences with it on 

past projects.  

3)  Specialized design requirements: Specific design requirements that may not be economically 

attainable in the field can encourage the use of prefab, in order to take advantage of the high quality 

attainable in the controlled conditions of the shop. 

4) Modular design or repetitive units: In high-rise buildings with repetitive units on each floor, 

designs that use consistent dimensions for several elements like walls or panels prompt the use of 

prefab. On industrial projects, designs that include several identical components such as pumps or 

individual trains for water treatment also encourage the use of special construction methods like 

prefab. 

5) Potential cost savings: Working in a controlled and predictable environment can result in 

significant cost savings on any project, but prefab can increase the costs of design and material. 

Consequently, each project should analyze the impact of prefab on the project cost. 



29 

 

 

Figure 2-2: Prefab Prompting Forces (Tatum 1987) 

2.4     Prefab & BIM 

 In 2009, McGraw-Hill Construction conducted research to analyze the use of Building 

Information Modeling (BIM) in the construction industry. This research showed that the use of BIM 

or BIM-related tools has increased by 75 percent compared with 2007. In addition, the University of 

Wisconsin-Madison conducted research on the state of practice of BIM in medium-to-large electrical 

contractors. The results show that 37 percent of the respondents are using existing BIM tools like 

Autodesk Revit as well as internally created tools, 26 percent are only using the existing tools and 30 

percent are not using BIM at all (see Table 2-5). The same research has also shown that the use of 

BIM within medium-to-large electrical contracting companies has increased two-and-a-half fold from 
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2009 to 2012. Although BIM use has increased, there is not a lot of research that evaluates the effect 

of BIM on prefab (Nawari 2012).  

Table 2-5: Level of Involvement of Electrical Contractors with BIM (Michael 2012) 

Category BIM Use Percentage 

1 Creating BIM tools and using existing tools within company 37% 

2 Not using BIM within company 30% 

3 Using existing BIM tools  26% 

4 Creating BIM tools to use within company 7% 

2.5      Prefab Decision Making Tools 

The previous section of the literature review highlighted the impact of prefab on the project. 

This section will show the decision-making tools and frameworks which were developed to aid in 

evaluating the applicability of prefab on any particular project.  

In 1992, a research project developed MODEX, a DOS-based expert system, to determine the 

feasibility of using modularization on power plant projects or particular processes. The system 

divided factors into five categories to determine the feasibility analysis: plant location, labor related, 

environmental and organizational, plant characteristics, and project risks. This system also had the 

ability to perform an economic analysis to determine the impact of modularization on the total project 

cost and schedule and to provide approximate cost savings. This economic analysis was based on the 

MODEX knowledge data-base combined with another database to store a cost summary of modular 

construction projects and their relative cost differentials. Later study used these statistical analyses to 

validate this system. It was found that the results from the professionals in the construction industry 

and MODEX were not significantly different with 91percent confidence.  

 A more advanced system, called Neuromodex was developed based on neural network (NN) 

architect to handle inexact and incomplete inputs. The system input was the same decision factors as 
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MODEX and the output was the final conclusion of modularization decision. Statistical tests were 

performed to validate this system, and the results showed that this system results were accurate (Song 

2005). Table 2-6 shows the decision-making process of MODEX and Neuromodex and what 

computer technologies they used. 

Table 2-6: Decision- Making Tools and the Technologies of MODEX and Neuromodex (Song 2005) 

Level of Analysis 
Underlying Computer Technology 

MODEX Neuromodex 

Initial feasibility analysis Expert system  

Detailed feasibility analysis Expert system Neural Network 

Economic analysis Decision support and expert 

system 
 

 

Song (2005) developed another strategic decision tool to help users learn factors to consider 

in making early decisions regarding the use of prefab on an industrial project. This tool can also 

educate the user about the advantages and impediments to prefab on a project. This framework is 

divided into three different levels to allow for variable timing of decision making. Strategic level one 

aims to evaluate the feasibility of using prefab by asking the user a list of questions related to the 

drivers and the impediments of using prefab. Strategic level two analysis is designed to be executed 

during the pre-project planning to determine the feasibility of using prefab again with increased 

project definitions. This level of analysis requires more knowledge about the project including site 

location, plot plan, processes, required labor, permitting, and legal issues. The final step of this 

framework is intended to result in cost comparison to determine the feasibility of prefab at the level of 

quantity-based estimating. This step should be conducted during the conceptual design phase or in the 

beginning of the detailed design phase. 
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2.6     Prefab Best Practices 

This section covers the best practices for good electrical prefab and the following information 

is obtained from Susan (2009). This study showed that prefab process should consist of six steps as 

shown in Figure 2-3. The six steps are: 

1) Project review: studying prefab opportunities 

2) Planning: drawing development and choosing prefab organization 

3) Prefab: fabrication of electrical units and components 

4) Packaging: packaging in bins, boxes, or shrink wrap on pallets 

5) Transport: storing the prefabricated components and sending them to the site 

6) Closeout: evaluating the prefab process 

Figure 2-3: Prefab Process (Susan 2009) 

2.6.1 Project Review 

Studying prefab opportunities is the first step to adopting prefab on any project. This review 

includes developing an initial prefab scheme for the specific scope of work based on the analysis of 

the architectural and engineering plans as well as site visits. This review will reveal the amount of 

planning required and the number and type of employees who needed in the shop and on-site. 

Figure 2-4 shows the details of this project review. This includes two main phases: 1) plan review and 

2) site review.  
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a) Plan Review  

The plan review should include a variety of people, such as the job foreman, project manager, 

estimator, CAD designer, and prefab foreman. They meet to answer the following questions: 

 What is the scope of the project? 

 Who will be involved? 

 When should installation of electrical units begin? 

 When should installation finish? 

 What are the types of services requested? 

 How will the services be provided? 

 What interaction is there with other trades? 

 What opportunities for prefab exist? 

 How should prefab services be provided (in-house, through a distributor or a manufacturer)? 

 

b) Site Review  

Site review can be done by the foreman and/or project manager in conjunction with or after the plan 

view. The goal of this review is to study the construction site in order to observe site access and 

storage space. This review will help the decision maker in choosing the best packaging and 

transportation procedures. 
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Figure 2-4: Project Review Logic Diagram (Susan 2009) 
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2.6.2 Planning 

 Planning is the most important step in the prefab process. The pre-planning process starts 

with the development of detailed construction drawings. After the completion of the construction 

drawings a prefab schedule can be created by the project management team to ensure that the 

prefabricated components will be ready on time. The project management team should also create a 

method for tracking prefab production. This tracking method may include short-term goals to 

encourage the workers to stay on schedule. In addition, communication with other involved 

contractors and the client during the prefab planning process is very important to ensure compliance, 

detect clashes, and keep good relationships with the client. Figure 2-5 shows the details of this step, 

which includes two main phases. The first phase is project drawing, and the second phase is prefab 

organization. 

a) Project Drawing 

In this phase, the designer and the drafter should prepare project drawings that include dimensions, 

wall layout, cross reference with engineering/architectural plans, light fixture and support methods, 

fixture/equipment details and circuiting.  

b) Prefab Organization 

The project manager, foreman, and the prefab shop manager should work together to organize the 

prefab process. The basic organizational elements of the prefab process are scheduling, material 

procurement, communication, phase planning, phase completion of project drawing, organization of 

prefab shop, and creation of labels for shipping of prefab items.  

 



36 

 

 

Figure 2-5: Planning Logic Diagram (Susan 2009) 
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2.6.3 Prefab 

a) Prefab Order 

Prefab begins when the prefab shop manager receives the prefab order in the shop. The prefab shop 

manager starts the process by reviewing the order and then the shop manager should record start and 

finish dates on visible white board, then check material’s availability, and finally check tools and 

information availability. 

b) Prefab Operation 

Depending on the operation size, the prefab shop may include the following employees:  

 Shop manager: experienced journeyman electrician or project manager 

 Floor supervisor(s): one or more journeyman electricians responsible for workers training 

and supervision 

 Prefab workers: journeymen, apprentices, and trainees 

 Prefab shop also may include the following equipment and activities: 

 Tables and tools: Prefab includes a series of tables. The tables can have locking wheels so 

they are able to arrange the working area to meet job requirements. Tools should be easily 

accessible. 

 Welding: Welding has to be performed in a designated and isolated area. Training and 

understanding of equipment and safety procedures are the two main requirements to achieve a 

good welding process.  These safety procedures include eye protection, protective clothing, 

welders’ maintenance, protective partitions, and proper ventilation. 

  Pipe/conduit bender: Pipe and conduit benders require space to operate. Training and 

understanding of equipment and safety procedures are very important for good and           

high-quality production. 
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 Wire/conduits cuts: Wire and conduit cutters require considerable space to pull and extend 

the material for accurate measurement. 

 Storage:  The most common method is storage on large shelves accessible by fork lifts. 

 Quality assurance: The prefab manager and floor supervisor can make random checks on 

completed products to make sure that they meet the quality standard. In addition, the project 

manager or the floor supervisor should make sure that the products meet the specifications of 

the construction drawings and that the correct number of pieces is produced. 

Figure 2-6 and Table 2-7 display an example of the layout and components (respectively) of an 

electrical contractor’s prefab shop. This shop occupies about 6,000 square feet of area. 

Approximately 20 workers are employed year-round in the shop, which represents about 10 percent 

of the contractor’s total work-force (Meland 1984). 

 

Figure 2-6: Layout of a Prefab Shop (Meland 1984) 



39 

 

Table 2-7: Contents of Prefab Shop (Meland 1984) 

Quantity Description 

1 2.5” to 4” EMT bender with electric pump 

1 0.5” to 2” EMT bender with electric pump 

1 0.5” to 2” rigid conduit bender with electric pump 

1 2.5” to 5” rigid conduit bender with electric pump 

1 Bender for PVC conduit 

1 Spot welder 

2 Welding machine 

1 Welding torch set 

2 Portable grinder 

1 Bench grinder 

1 Large horizontal band saw 

2 Small band saw 

1 0.5” to 2” power threader 

1 2.5” to 4” power threader 

1 1/8” to 1” rod threder 

1 Abrasive saw cutting machine 

1 Press with attachment for making one-shot offsets on small-size EMT conduit 

1 BX cutting machine 

1 Air compressor 

1  Set knockout punch, 0.5” to 2” with electric pump 

1 Set knockout punch, 2.5” to 4” with electric pump 

1 10-ton metal cutter 

1 Locknut-tightening machine 

3 Punch press machine for fastening connectors to BX or flexible metallic 

conduit 3 Wire-skinning machines 

1 Machine for fishing wires into flexible metallic conduit 

2 Drill presses (assorted screw guns, electric drills, and other hand tools) 
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2.6.4 Packaging 

 Packaging is a very important stage in the prefab process and can result in additional cost 

savings. Good packaging ensures that the correct number and type of components are delivered to the 

exact project site location at the optimal time. There are many ways to package the prefabricated 

component. To achieve good packaging, the following questions should be answered: 

 What are the size, number, and weight of the items? 

 Where will they be installed at the project site? 

 How will the package be transported to the final installation’s location? 

 How can the residual trash be eliminated as much as possible after the installation has been 

completed? 

2.6.5 Transport 

 Transportation should be well managed to make sure that the prefabricated items arrive at the 

job site just in time. Prefabricated items arriving late at the job site may result in a project delay. 

Arriving early may increase the likelihood that items will be stolen or damaged before they can be 

installed. The following are some suggestions for transportation: 

 Trucks should be located in designated areas, which should be close to the packages to ease 

the loading process. 

 The order in which the packages are loaded onto the truck should be coordinated so that the 

packages that are to be unloaded at the same location on the jobsite are all grouped together 

on the truck. 

 At the jobsite, the workers who unload the truck should read the labels of the packages to 

match the number or the description to the construction plans. The construction plans are 

used as a map to describe where each package should go.  

 The foreman should review the packages and sign off on the delivery. 
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2.6.6 Closeout 

 Evaluating the prefab process is important to learning and improving the process in future 

projects. The closeout meeting is good chance to think about the project and document what 

happened, both positive and negative, so that it can be shared with other employees on different 

projects. Furthermore, the meeting may be a suitable time to celebrate any standout employees that 

developed a new technique or idea that improved the prefab process in the project. The meeting 

should include the project estimator, site foreman, prefab manager, designer, project manager, key 

suppliers, and other key employees directly involved in the process. The meeting should focus on 

answering the following questions: 

 What was the most effective prefab utilized? 

 What are some prefab opportunities that were passed up? 

 What are some prefab ideas that were ineffective? 

 What could make the process run more smoothly? 

 Was the planning process effective? 

 How did the use of prefab affect the owner, general contractor, and the other trades? 

 What could make the use of prefab more effective? 

 Was there adequate staffing for the project? 

 Does the drafting/engineering department require more or different computer programs? 

 Does the prefab shop need more equipment? 

 Does the prefab shop require more storage space? 
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2.7       Research Opportunities 

 The literature review was helpful in understanding the advantages and the impediments of 

using prefab compared to the conventional construction method. The literature review was also 

helpful in identifying gaps in previous research that this research will attempt to fill. Through a 

comprehensive literature review, it was found that there is not a lot of recent information on using 

prefab in the electrical construction industry. Almost all of the prefab literature discussed the benefits 

and the disadvantages of using prefab for the construction industry in general, not specifically in one 

trade such as electrical construction. In addition, the majority of the prefab literature was conducted 

over 10 years ago. This research has the advantage of studying how the practice of prefab has been 

affected by the advancement in Building Information Modeling (BIM) as well as the advancement in 

information technology available to the design and construction industries. Finally, this research will 

study adopting prefab as an option for electrical contractors to improve labor productivity, which can 

result in decreasing the risky nature of work in the electrical construction industry. 
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Chapter 3 Prefab Survey 

 3.1     Introduction 

 To understand the state of practice of prefab in the electrical construction industry and to find 

out how prefab can be a good way to overcome the continuous decline in labor productivity, a 

comprehensive prefab survey was created. The survey had the following goals: 

 To gain an understanding of how prefab is currently implemented by electrical contractors 

 To discuss the effects of using prefab on previous projects 

 To discover the best prefab practices 

 To identify the plans of electrical contractors to improve prefab use in the next two years 

 This chapter will show how the survey was created and distributed to electrical contractors in 

the United States and Canada. In addition, this chapter will present the profile of companies that 

participated in this survey, which served as a sample for the electrical construction industry.  

3.2     Methodology  

 Based on the literature review, a pilot survey was implemented as a starting point for a 

comprehensive prefab survey. This pilot survey was reviewed several times before it was sent out to 

electrical contractors. First, it was reviewed by five graduate students at the University of Wisconsin-

Madison to check the questions’ phrasing. Then, interviews were conducted with different electrical 

firms to assure the survey’s comprehensiveness. These electrical firms were: 

 Pieper Electric, Inc. (Electrical Contractor – Milwaukee, WI) 

 Westphal Company, Inc. (Electrical Contractor – Madison, WI) 

 Faith Technologies, Inc. (Electrical Contractor – Menasha, WI) 

 Affiliated Engineers, Inc. (Engineer – Madison, WI) 
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Finally, the survey was reviewed by the University of Wisconsin-Madison survey center. The survey 

center affirmed the clarity of the questions, put the questions in the best order and assured that the 

questions were unbiased.  

 Following the review step, the survey was generated online using Qualtrics, a web-based 

survey service that is available for use to all UW-Madison faculty, staff and students. The             

UW-Madison Qualtrics survey hosting service allows the campus community to easily create surveys, 

collect and store data and produce reports. The survey consisted of 13 pages with five main sections: 

company information, future of prefab, prefab information, project information and project 

performance. A copy of the survey can be found in Appendix B. Using Qualtrics, the survey was 

emailed to different electrical contractors in the United States and Canada between August 12, 2013, 

and October 7, 2013. A copy of the cover letter sent in the email can also be found in Appendix B. 

The survey was closed on October 21, 2013, with a total of 174 responses.  

3.3     Characteristics of Respondents 

 When the survey was closed, a total of 142 companies had responded. 22 of those 142 

companies responded more than once, bringing the total number of responses to 174. It is important 

to note that different responses collected from the same company came from people occupying 

different roles within the organization. Also, some of these 174 responses can be considered 

incomplete because some answers were left blank. Appendix D includes the names of the responding 

companies. 

3.3.1 Location of Respondents 

 The respondents were asked to give the address of their companies. Figure 3-1 shows that, of 

the responding companies, 73 percent were located in the United States and 27 percent were located 

in Canada. Table 3-1 displays a more detailed distribution for the responding companies’ location. It 
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shows that 32 percent of the responding companies were from the Midwest in the United States, 27 

percent were from Canada, 23 percent were from the West coast in the United States, 11 percent were 

from the South in the United States and 8 percent were from the Northeast in the United States.  

 

 

       Figure 3-1: Distribution of the Responding Companies 

Table 3-1: Location of the Responding Companies 

Category Location No. of Responses Percentage 

1 U.S.-Midwest 45 32% 

2 Canada 38 27% 

3 U.S.-West 33 23% 

4 U.S.-South 15 11% 

5 U.S.-Northeast 11 8% 

 Total 142 100% 

 

Figure 3-2 and Figure 3-3 show the distribution of the responding companies in each state in the 

United States and each province in Canada, respectively. As seen from the data, the Midwest, 

Western United States and Canada are well-represented. Ontario (in Canada), Wisconsin, 

Washington, California and Illinois in the United States are all well represented as well. 

Canada 

27% 

United States 

73% 
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Figure 3-2: Number of Responding Companies in Each State in the U.S. 

 

Figure 3-3: Number of Responding Companies in Each Province in Canada 
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3.3.2 Size of Companies 

 The respondents were asked about their company’s billings in the last 12 months, and they 

were allowed to select one answer from six. The purpose of this question was to find out the size of 

the companies to be able to determine any correlation between company size and prefab use.      

Figure 3-4 shows how the participating companies represent a good range of different-sized electrical 

contracting companies including small firms, medium-size firms and large firms. In this question, 

some of the answers of people from same company did not match, so the answer of the one who was 

higher in the organization chart was taken into consideration. 9 percent of the 142 responding 

companies reported having less than $1 million in billings in the last 12 months, 20 percent between 

$1 million and $5 million, 8 percent between $5 million and $10 million, 38 percent between $10 

million and $50 million, 13 percent between $50 million and $100 million and 12 percent greater than 

$100 million. This distribution suggests that the data are descriptive and unbiased towards a particular 

company size. 

 

 

Figure 3-4: Responding Companies’ Billings in 2012-2013 
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3.3.3 Delivery Systems Used by the Respondents 

 The survey asked the respondents to specify the approximate percentage of each type of 

delivery system their companies use with the condition that all percentages should add up to 100 

percent. In this question, some of the answers of people from same company did not match, so the 

answer of the one who was higher in the organization chart was taken into consideration. This 

question was answered by 131 companies. Table 3-2 displays the six types of delivery system options 

that the respondents were given, the minimum and maximum value that each delivery system 

received and the average and standard deviation for the usage of each delivery system. It was found 

that the majority of the responding electrical contractors are still using the traditional delivery system, 

Design-Bid-Build (DBB), as it came first with an average of 43.9 percent and a standard deviation of 

33.1. Design-Build came second with an average of 22.5 percent and a standard deviation of 24.6. 

Multiple prime contractors came third with an average of 21 percent and a standard deviation of 27.3. 

Integrated Project Delivery (IPD), Construction Management at Risk (CMR) and Agent Construction 

Management are not used very often by the responding companies (see Figure 3-5). 

Table 3-2: Delivery System Used by the Respondents 

Category 
Delivery Systems 

Minimum 

Value 

Maximum 

Value 

Average 

Percent 

Standard 

Deviation 

1 Design Bid Build (DBB) / “hard money” 
single prime / Plans and Specifications 0 100 43.9% 33.1 

2 Design Build (DB) 0 100 22.5% 24.6 

3 Multiple Prime Contractors 0 100 21% 27.3 

4 Integrated Project Delivery (IPD) 0 100 5% 11.2 

5 Construction Management at Risk (CMR) 0 85 4.9% 13.2 

6 Agent Construction Management 0 50 2.8% 7.6 
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Figure 3-5: Distribution of Delivery Systems Used by Responding Companies 

3.3.4 Type of Electrical Work Performed by the Respondents 

 To assure that the sample represented all areas of work, the survey asked the electrical 

contractors two questions. The first one pertained to the type of work in which their companies are 

involved. The survey gave the respondent six answer options and the respondent could select more 

than one answer.  Of the 142 companies responded to this question, 99 percent are involved in power 

works, 96 percent in lighting works, 87 percent in control works, 86 percent in low voltage works 

such as fire alarms and instrumentations, 81 percent in communications works and 78 percent in data 

and security works (see Figure 3-6).  
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Figure 3-6: Type of Work Performed by the Responding Companies 

 The other question asked about the type of projects in which the responding companies are 

involved. The respondents were given five options and asked to select one or more. In this question, 

an “other” option was added to give the respondents the chance to add any other type of projects that 

their companies are involved in that were not included in the given five answers. Figure 3-7 shows 

that, of the 142 responding companies, 89 percent perform work in commercial construction (banks, 

retail and office buildings), 86 percent in industrial or manufacturing, 81 percent in institutional 

(hospitals, correctional facilities, schools, etc.), 36 percent in residential, 21 percent in heavy 

civil/highway and 20 percent in the “other” group.  Examples of “other” responses are listed below: 

 Data center                              
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In these two questions, some of the answers of respondents from same company did not match, so the 

answer of the one who was higher in the organization chart was taken into consideration. 

 

Figure 3-7: Type of Projects Performed by the Responding Companies 

 In addition, electrical contractors were asked a question about whether they work as a union 

or merit shop (open shop). The purpose of this question was to study the correlation between being a 

union contractor and adopting prefab. Of the companies responding to the survey, 82 percent work as 

union, 17 percent as merit shop and 1 percent in the “other” category. This “other” category includes 

contractors that work as union or merit shop (see table 3-3). 

Table 3-3: Responding Companies’ Profile 

Category Union or merit shop Responses Percentage 

1 Union 116 82% 

2 Merit shop (open shop) 24 17% 

3 Other 2 1% 

 Total 142 100% 

 

 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Commercial Institutional Industrial or

Manufacturing

Residential Heavy civil or

Highway

Other

P
er

ce
n

ta
g

e 
o

f 
R

es
p

o
n

d
en

ts
 

Project Types 



52 

 

3.3.5 Respondent’s’ Organizational Role 

 To better understand the profile of the respondents and to make sure that the survey was 

answered by different people in different positions, the survey asked about the organizational role of 

the person responding to the survey. Figure 3-8 shows that, of the 174 people that responded to the 

survey, 36 percent were presidents/CEOs, 21 percent were project managers, 15 percent were 

operation managers, 6 percent were estimators/estimating managers, 5 percent were vice presidents, 5 

percent were construction managers, 2 percent were superintendents, were percent are owners, 1 

percent were foremen and 6 percent fell in the other category. The “other” list includes: 

 General manager  

 Fabrication manager 

 Field trainer 

 Prefabrication supervisor 

 Pre-construction manager 

 

Figure 3-8 : Respondents’ Organizational Role 
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3.4     Conclusion 

 Chapter 3 has discussed the profile of the survey’s responding companies and how the 

responses represent the electrical construction industry in the United States and Canada relatively 

well. Most of the regions within United States and Canada are represented. Also, a substantial variety 

of electrical works conducted by electrical contractors are represented. In addition, small, medium 

and large size companies are also well represented in these responses. These findings illustrate that 

the sample of electrical contractors is both diverse and large enough for statistical analysis. 
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Chapter 4 Current Use of Prefab 

 4.1     Introduction 

 This chapter will examine the current use of prefab in the electrical construction industry.  

The responses of this research survey were separated into two different categories: the first category 

includes prefab non-users and the second category includes prefab users. For the non-users, this 

chapter will attempt to differentiate between the companies that used prefab before and decided to 

discontinue its use and other companies that have never used prefab. Regarding the prefab users, this 

chapter will present information about electrical contractors’ experience with prefab and the 

percentage of labor hours they dedicate to prefab. In addition, this chapter will explore how and 

where prefab is being performed and for which electrical activities. Finally, the effects of using prefab 

on electrical contractors’ performance will be studied, especially with regard to the impact of prefab 

on labor productivity. 

4.2     Prefab Use 

4.2.1 Users vs. Non-Users 

It was essential to know what percentage of electrical contractors use prefab, so the survey 

asked the responding companies if they use prefab or not. Of the 142 responding companies, 74 

percent mentioned that they use prefab and 26 percent said they do not use prefab in their companies 

(see Table 4-1). For the purpose of this study, prefab users will be defined as those who mentioned 

that they use prefab. 
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Table 4-1: Prefab Use in the Electrical Construction Industry 

Category Prefab Use Responses Percentage 

1 Non-users 37 26% 

2 Users 105 74% 

  Total 142 100% 
 

To study the correlation between the results of this question and company profiles, two Chi-

squared tests were conducted. The purpose of the Chi-squared test is that it is designed to test the 

correlation between two categorical variables. Here, the null hypothesis of the first Chi-squared test 

was that the use of prefab and being a union or non-union contractor (two categorical variables) are 

independent (not correlated). With a P-value of 0.86, the null hypothesis was not rejected, showing no 

correlation between being a union or merit shop contractor and using prefab at the 0.05 level of 

significance (see Figure 4-1).  

 

 

Figure 4-1: Prefab Use: Union vs. Non Union 
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The second Chi-squared test was conducted to study the correlation between company size (as 

represented in their billings in the last year (2012-2013)) and the use of prefab. The null hypothesis 

was that the use of prefab and company size are independent (not correlated). With a P-value of 

0.0015 (less than 0.05), the null hypothesis was rejected, showing high correlation between company 

size and using prefab. Figure 4-2 shows that this correlation has very clear positive trend. This 

indicates the percentage of prefab users increases as the company’s size increases. 

 

Figure 4-2: Prefab Use Based on Companies’ Size 

Figure 4-3 displays the percentage of prefab users based on company location. It shows that the 

percentage of electrical contractors that use prefab in the South of the United States is higher than the 

percentage of users in other locations in the United States and Canada. In addition, this graph 

suggests that the percentage of electrical contractors that use prefab in the United States is higher than 

the percentage of electrical contractors in Canada that use prefab. 
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Figure 4-3: Prefab Use Based on Company Location 

4.2.2 Non-Users of Prefab 

 To investigate why companies are not using prefab, the survey asked the non-users two 

questions. The first question asked if their company had used prefab before and the second one asked 

if there are any reasons that their companies are not currently using prefab. The answers showed that 

of the 37 companies that do not use prefab, 30 percent have used it before (see Table 4-2), and their 

reasons for halting prefab use can be summarized in the following points: 

 Prefab does not fit the type of work 

 Lack of work 

 Union requirements  

 Public sector projects 
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Table 4-2: History of Prefab Use for Non-users 

4.3     Characteristics of Current Use 

The main objectives of this section are (1) understanding how prefab is used by electrical 

contractors and (2) learning about prefab best practices that electrical contractors came up with for a 

successful prefab process. Companies that do not use prefab did not participate in this part of the 

survey so the total number of responding companies was reduced to 105.  

4.3.1 Change in Use of Prefab 

 Before going through the characteristics of the current use of prefab, it is important to know 

how the use of prefab changes over time. The survey asked the prefab users two questions: the first 

one inquired about the average use of prefab in terms of percentage of labor hours in one project for 

projects that the respondent is familiar with today, and the second question asked about the same 

information, but for projects that the respondent was familiar with 10 years ago. A 10-year period was 

chosen because it was perceived as long enough for changes to have occurred in prefab use and short 

enough for the respondent to have or acquire the necessary information. These two questions were 

answered by 100 electrical contractors. Figure 4-4 summarizes the results of these two questions. A 

paired t-test was conducted to gauge if there is a significant difference between using prefab today 

versus 10 years ago. The P-value of this test was 2.2e-16, indicating significant difference in the use 

of prefab in the last 10 years. The results of the test also showed that, for the current prefab-users, the 

use of prefab as a percentage of labor hours in one project has increased by about 9 percent in the last 

10 years. 

Category Prefab Use History for Current Non-users Responses Percentage 

1 Used prefab  11 30% 

2 Did not use prefab 21 57% 

3 Not sure 5 13% 

 

Total 37 100% 
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Figure 4-4: Change of Prefab Use in the Last 10 Years 

 4.3.2 Experience with Prefab 

 The survey asked the responding companies using prefab about the number of years they 

have been using prefab. Table 4-3 shows that the majority of the responding companies have used 

prefab for more than five years. Of the 98 companies that responded to this question, 60 percent have 

used prefab for more than five years, 10 percent for five years, 10 percent for three years, 8 percent 

have one year or less of prefab experience, 7 percent have four years of experience and 4 percent have 

two years of experience in prefab. This shows that most of electrical contractors have a long 

experience in using prefab. A Chi-squared test was conducted to study the correlation between 

electrical contractors’ experience with prefab based on the duration of prefab involvement and 

company size based on their billings in the last 12 months. The null hypothesis of this test was that 

these two variables (company experience with prefab and company size) are independent.              

The P-value of this Chi-squared test was 0.59, showing no correlation between the two variables at 

the 0.05 level. As shown in Figure 4-5, some small electrical contractors adopted prefab a long time 
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ago and other small companies started using prefab only a year ago. The same can be said for larger 

companies. 

 
Table 4-3: Electrical Contractors’ Duration of Prefab Use 

Category Duration of Prefab Use Percentage 

1 1 year or less 8% 

2 2 years 4% 

3 3 years 10% 

4 4 years 7% 

5 5 years 10% 

6 More than 5 years 60% 

 

 

 
Figure 4-5: Experience with Prefab vs. Company Size 
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4.3.3 Labor Hours Percentage 

 The survey respondents were asked about the percentage of labor hours they spend on prefab 

in their companies. This question was answered by 99 different electrical contractors. Of these 99 

contractors, 63 percent spend 1to 9 percent of their labor hours on prefab, 32 percent spend 10 to 24 

percent of their labor hours on prefab and 5 percent spend 25 to 49 percent of their labor hours on 

prefab (see Table 4-4). Although most of the electrical contractors have been using prefab for many 

years, they still spend a limited amount (1-9 percent) of their labor hours on prefab. A Chi-squared 

test was conducted to test the null hypothesis which was that the percentage of labor hours companies 

spend on prefab and the number of years of experience they have with prefab are independent (not 

correlated). With a P-value of 0.64 (more than 0.05), the null hypothesis was not rejected showing no 

correlation between the two variables. Figure 4-6 shows the prefab labor hour percentage in each 

company based on the company’s experience with prefab. Also, another Chi-squared test was 

conducted and the null hypothesis of this test was that there is no correlation between prefab labor 

hours percent and company size. With a P-value of 0.199 (more than 0.05) the null hypothesis was 

not rejected, indicating no correlation between percentage of labor hours spent on prefab and 

company size (see Figure 4-7). However, it is important to note that 20 percent of the very small 

companies (last year’s billings less than $1 million) spend 25 to 49 percent of their labor hours on 

prefab. 

 
Table 4-4: Percentage of Prefab Labor Hours 

Category  Percentage of Prefab Labor Hours Percentage 

1 1 - 9% 63% 

2 10 - 24% 32% 

3 25 - 49% 5% 

4 50 - 75% 0% 

5 More than 75% 0% 
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Figure 4-6: Prefab Labor Hours Percent Based on Company Experience with Prefab 

 

Figure 4-7: Prefab Labor Hours Percent Based on Company Size 
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In addition, a Chi-squared test was conducted to study the correlation between the percent of prefab 

labor hours that a company spends on prefab and being union contractor. The null hypothesis of this 

test was that these two variables are independent. The P-value of this Chi-squared test was 0.86, 

showing no correlation between being union or merit shop contractor and the percentage of prefab 

labor hours (see Figure 4-8). 

 

Figure 4-8: Prefab Labor Hours Percentage: Union vs. Merit Shop 

4.3.4 Method & Location of Prefab Work 

 Haas (2000) showed that prefabrication and preassembly are almost twice as likely to be 
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of the first test was that the method of performing prefab and company size are not correlated and the 

null hypothesis of the second test was that the method of prefab and the prefab labor hours percentage 

are independent. No correlation could be found between how prefab is performed and the size of the 

company (P-value = 0.45), nor between how prefab is performed and the percent of labor hours 

companies spend on prefab (P-value = 0.84). Figure 4-9 and Figure 4-10 summarize the results of 

these two Chi-squared tests.  

Table 4-5: Method of Prefab 

Category Prefab Method Percentage 

1 In-house 87% 

2 Outsourced 9% 

3 Both 4% 
 

 

Figure 4-9: Prefab Method Based on Company Size 
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Figure 4-10: Prefab Method Based on Prefab Labor Hours Percentage 
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and the percentage of labor hours companies spend on prefab. The P-value was 0.59, showing no 

correlation between the two variables at the 0.05 level of significance. Figure 4-11 and Figure 4-12 

summarize these two Chi-squared tests. In addition, these two figures display that the majority of the 

small size companies (less than $1 million in billings last year) spend high percentage (25 to 49 

percent) of their labor hours on prefab and do not perform prefab off-site like other contractors. 
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Table 4-6: Location of Prefab 

Category Prefab Location Percentage 

1 Off-site 66% 

2 On-site 28% 

3 Both 6% 
 

 

Figure 4-11:  Prefab Location Based on Company Size 
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Figure 4-12:  Prefab Location Based on Prefab Labor Hours Percentage 
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hypothesis that the two variables are independent was not rejected, indicating no correlation between 

prefab project size and company experience with prefab at the 0.05 level (see Figure 4-14).   

Table 4-7:  Size of Projects in Which Electrical Contractors Use Prefab 

Category Size of Prefab Projects Percentage 

1 Less than 10,000 labor hours 32% 

2 10,000 to 50,000 labor hours 17% 

3 50,000 to 100,000 labor hours 3% 

4 More than 100,000 labor hours 2% 

5 Any and all 46% 
 

 

Figure 4-13: Prefab Project Size Based on Company Size 
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Figure 4-14: Prefab Project Size Based on Company Experience with Prefab 
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percentages add up to 100 percent (approximately, due to rounding). Each rating factor was assigned 

a number: one to five. The mean scale denotes the average of all the responses for each activity. The 

closer this number is to five, the more significance is given to this point. With a mean scale of 3.41, 

electrical contractors use prefab in cutting and spooling wires most often: 42 percent of the 

respondents often use prefab methods in cutting and spooling wires. Bending conduits came second 

with a mean scale of 3.35 and receptacle assemblies came third with a mean scale of 3.33. After the 

first three, lighting fixtures, raceways, welding and underground assemblies came fourth, fifth, sixth 

and seventh, respectively. Lastly, electrical contractors use prefab scarcely in branch panels. 31 

percent of the respondents have never used prefab methods to completely assemble branch panels. 

 
Table 4-8: Prefab Use in Different Electrical Activities 

Rank    Electrical Activities Never Rarely Sometimes Often 
All of the 

time 

Mean 

Scale 

1 Cutting and spooling wires 7% 8% 32% 42% 11% 3.41 

2 Bending conduits 5% 12% 34% 40% 9% 3.35 

3 Receptacle assemblies 8% 15% 25% 38% 13% 3.33 

4 Lighting fixtures 4% 14% 33% 43% 6% 3.32 

5 Raceways 10% 28% 31% 24% 7% 2.90 

6 Welding 24% 20% 26% 24% 7% 2.71 

7 Underground assemblies 19% 25% 35% 17% 3% 2.59 

8 

Completely assembled branch 

panels 31% 28% 22% 15% 4% 2.34 

 

4.3.7 Advantages of Prefab 

 To study the advantages of prefab over conventional construction work, the survey asked 

electrical contractors to rate 13 advantages as they relate to prefab (on-site or off-site) as compared to 

traditional on-site construction. The list of the advantages included: 

 Quality 

 Reduced construction waste 

 Reduced on-site overmanning 



71 

 

 Ability to do accurate estimate 

 Safety 

 Craft Productivity 

 Low labor rates 

 Limited overall cost 

 Reduced project duration 

 Ground level high amount of work 

 On-site construction limited amount of work 

 Limited required site infrastructure  

 Limited required site housekeeping 

Each advantage was rated on 5-point scale, with 3 being the same, 1 much worse and 6 much better. 

Figure 4-15 shows the order of these relative advantages based on the mean score that every 

advantage received. The results show that prefab is perceived to have all of these 13 advantages over 

conventional construction. The most significant relative advantage of prefab is reducing on-site 

overmanning (mean score = 4.40). Overmanning can be defined as “the increase of the peak number 

of workers over the average number of workers of the same trade during project” (Hanna 2005). 

Hanna also clarified the difference between overmanning and stacking of trades: overmanning 

considers only one trade, but the stacking of trades considers all workers from different trades on-site.  

Increasing craft productivity and reducing construction waste came second with the same mean score 

of 4.27. Other large advantages prefab has over the conventional on-site construction include lower 

labor rates, lower overall cost and reduced project duration. These three advantages had the same 

mean score of 4.16. 



72 

 

 

Figure 4-15:  Prefab Advantages Compared to Conventional Construction 

A Chi-squared test was conducted to study the correlation between reducing overmanning and 

increasing craft productivity. The null hypothesis of this test was that reducing overmanning and 

increasing craft productivity due by using prefab are not correlated. This test gave a P-value of 

1.125e-07, which indicates a high correlation between reducing overmanning and improving craft 

productivity. Figure 4-16 shows that as overmanning decreases, lost craft productivity decreases. 

Under the “the same” overmanning choice, 50 percent rated productivity as the same and 50 percent 

rated productivity as better. Under the “better” overmanning choice, productivity is “the same” 

received 6 percent and productivity is “better” and “much better” (together) received 94 percent. 

Under the “much better” overmanning choice, productivity is “the same” received only 2 percent, 

while productivity is “better” and “much better” received 98 percent. This illustrates the positive 
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correlation between reducing overmanning and improving craft productivity. These results agree with 

a study conducted by Hanna in 2005, which showed that overmanning has a negative impact on labor 

productivity. Hanna said that as overmanning increases, lost labor also productivity increases. 

Additionally, Hanna’s study provided some reasons for this decrease in labor productivity as a result 

of overmanning. These reasons were physical conflict, material and tool shortage, coordination and 

control become more difficult and request for clarification not being provided in a timely manner. 

Hanna’s study was conducted on the mechanical construction industry, but the results of this thesis 

suggest that Hanna’s theory can be applied to the electrical construction industry as well. 

 

Figure 4-16: Change in Craft Productivity Based on Overmanning Reduction Due to Prefab 
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calculated and it was concluded that one productive hour in the shop equals approximately 2.2 hours 

in the field. 

 

Figure 4-17: Ratio of Labor Hours in the Shop to the Labor Hours in the Field 
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Table 4-9: Project Team Member and Their Benefit from Using Prefab 

Rank  Project Team Member None Some 
Quite a 

bit 

An 

extreme 

amount 

All 
Mean 

Scale 

1 MEP specialty trades 3% 14% 37% 41% 4% 3.29 

2 General contractors 3% 20% 47% 26% 4% 3.08 

3 Owners 0% 25% 48% 21% 6% 3.08 

4 Project A/E 16% 39% 29% 11% 4% 2.47 
 

4.3.8 Driving Factors of Prefab Use 

 In the survey, electrical contractors were asked about the factors that drive the use of prefab 

today. There were four factors to analyze: schedule constraints, economic factors, technological 

advancement (Revit, 3D CAD, materials, cranes, computers, etc.) and workforce issues. As shown in 

Figure 4-18, 90 percent of the responding companies selected schedule constraints, 85 percent 

selected economic factors, 81 percent selected technological advancement and 75 percent selected 

workforce issues as the top driving factors. 

 

Figure 4-18: Prefab Driving Factors 
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4. 3.9 Impediments of Adopting Prefab 

 After confirming that the use of prefab has a positive impact on project performance, it is 

important to study the impediments of adopting prefab on any project. This can help electrical 

contractors in making a decision about using prefab in their future projects. Based on the literature 

review, a list of 10 impediments was prepared. This list included the following: 

 Amount of pre-planning 

 Inflexibility to make modifications 

 Transportation 

 Amount of coordination with other disciplines 

 Complex requirements for procurement 

 Irregular design 

 Union requirements 

 Contract type 

 Capital investment  

 Compliance between fabricated items 

As shown in Table 4-10, the required amount of pre-planning is the most significant impediment to 

using prefab. Inflexibility to make modifications, especially if these modifications are not made early 

enough, can be another big problem with prefab. The third significant impediment was coordination 

with other trades. The less significant impediments are irregular design, compliance between 

fabricated assemblies and complex requirements for procurement. Transportation, capital investment, 

union requirements and contract type came at the end of the list of the significant impediments to 

prefab. Having union requirements close to the end of the list agrees with the results in section 4.2.1 

in this chapter which showed that being a union or non-union contractor does not determine the use of 

prefab. These results match the results that Haas (2000) found with the only main difference being the 

impediment of transportation. Haas mentioned transportation as one of the three most significant 
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impediments to using prefab. Here, it is good to mention that Haas determined these results by 

surveying 29 construction experts, and his research did not specifically pertain to the electrical 

construction industry. As a result of that, it is clear that prefabricated items transportation is not a 

significant impediment to using prefab in the electrical construction industry, but this might not be the 

case in other parts of the construction industry. 

Table 4-10: Prefab Impediments 

Rank Prefab Impediments 
Not at all 

significant 

Not very 

significant 

Somewhat 

significant 

Very 

significant 

Extremely 

significant 

Mean 

value 

1 Amount of pre-planning 1% 10% 11% 46% 32% 3.96 

2 
Inflexibility to make 

modifications 
1% 12% 35% 36% 15% 3.52 

3 
Coordination with other 

trades 
2% 8% 39% 40% 11% 3.50 

4 Irregular design 1% 18% 28% 43% 10% 3.42 

5 
Compliance between 

fabricated assemblies 
9% 17% 44% 20% 10% 3.05 

6 
Complex requirements for 

procurement 
4% 29% 36% 26% 5% 2.99 

7 Transportation 6% 34% 36% 18% 6% 2.83 

8 Capital investment 10% 34% 39% 13% 3% 2.65 

9 Union requirements 26% 26% 23% 17% 8% 2.55 

10 Contract type 21% 34% 30% 10% 5% 2.45 

 

 To compare the impediments to using prefab in union companies and merit shop companies, 

the answers of the previous questions were divided into two main groups based on being a union or 

merit shop contractor. As shown in Table 4-11 and Table 4-12, the amount of required  pre-planning, 

inflexibility to make modifications and amount of coordination with other disciplines are the most 

significant impediments of adopting prefab for both union and merit shop contractors. This suggests 

that being a union or merit shop contractor does not significantly affect the impediments of adopting 

prefab. 
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Table 4-11: Prefab Impediments (Union Contractors) 

Rank Prefab Impediments 
Not at all 

significant      

Not very 

significant 

Somewhat 

significant 

Very 

significant 

Extremely 

significant 

Mean 

Value 

1 Amount of pre-planning 1% 11% 13% 46% 28% 3.89 

2 
Inflexibility to make 

modifications 
1% 12% 32% 40% 15% 3.54 

3 

Amount of project 

coordination 

(coordination with other 

trades) 

2% 9% 35% 41% 12% 3.52 

4 Irregular design 0% 17% 27% 48% 9% 3.47 

5 
Complex requirements 

for procurement 
4% 27% 36% 27% 6% 3.04 

6 
Compliance between 

fabricated assemblies 
8% 20% 45% 18% 9% 3.00 

7 Transportation 6% 33% 37% 20% 5% 2.84 

8 Union requirements 12% 31% 27% 20% 10% 2.84 

9 Contract type 19% 36% 35% 12% 7% 2.76 

10 Capital investment 9% 30% 40% 14% 1% 2.46 

 

 
Table 4-12: Prefab Impediments (Merit Shop Contractors) 

Rank Prefab Impediments 
Not at all 

significant 

Not very 

significant 

Somewhat 

significant 

Very 

significant 

Extremely 

significant 

Mean 

Value 

1 Amount of pre-planning 0% 6% 0% 44% 50% 4.37 

2 
Inflexibility to make 

modifications 
0% 13% 53% 13% 20% 3.40 

3 

Amount of project 

coordination 

(coordination with other 

trades) 

0% 6% 56% 31% 6% 3.37 

4 
Compliance between 

fabricated assemblies 
13% 0% 40% 33% 13% 3.33 

5 Irregular design 6% 25% 31% 19% 19% 3.18 

6 Transportation 7% 40% 33% 7% 13% 2.80 

7 
Complex requirements 

for procurement 
6% 38% 38% 19% 0% 2.68 

8 Capital investment 13% 47% 20% 7% 13% 2.60 

9 Contract type 38% 38% 19% 6% 0% 1.93 

10 Union requirements 100% 0% 0% 0% 0% 1.00 
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4.3.10 Prefab Best Practices 

 To gain an understanding of prefab best practices, the survey asked electrical contractors 

three different questions. The first one asked about the most important requirements for good prefab, 

the second one asked about the technologies electrical contractors use that are beneficial in prefab and 

the last question asked about the best project delivery system for prefab. In the first question, 

electrical contractors were given eight points to rate. Those eight points were as follows:  

 Earlier decision making 

 Architect’s design in terms of repetitiveness/modular 

 Good drawing 

 Overcoming the lack of industry knowledge about prefab 

 Careful supply chain management 

 Building Information Modeling (BIM) usage 

 Detailed transportation planning and expediting  

 Thorough shop testing and verification 

As displayed in Table 4-13, every point has five percentage points, one for each rating “not at all 

important” to “extremely important” and these percentages add up to 100 percent (approximately, due 

to rounding). Each rating factor was assigned a number: one to five. The mean scale denotes the 

average of all the responses for each point. Electrical contractors think that earlier decision-making is 

the most important requirement for successful prefab. Also, these results attest to the idea that 

electrical contractors believe having good drawings is a substantial requirement for good prefab. On 

the other hand, they do not see using BIM as important for a successful prefab process, as it came in 

the last position. In addition, electrical contractors understand the influential role that architecture has 

in achieving good prefab, as architecture design in terms of repetitiveness came third in this list with a 

mean value of 3.77. Detailed transportation planning and expediting, thorough shop testing, careful 
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supply chain management and overcoming the lack of industry knowledge about prefab came in the 

middle of the list with small differences in mean values. 

Table 4-13: Prefab Best Practices 

Rank Prefab Best Practices 
Not at all 

important 

A little 

important 

Somewhat 

important 

Very 

important 

Extremely 

important 

Mean 

value 

1 Earlier decision making 0% 2% 9% 47% 42% 4.29 

2 Good drawings 0% 5% 20% 42% 33% 4.03 

3 
Architect’s design in terms 

of repetitiveness/modular 
3% 6% 24% 45% 22% 3.77 

4 
Detailed transportation 

planning and expediting 
2% 8% 31% 39% 20% 3.67 

5 
Thorough shop testing and 

verification 
0% 13% 31% 41% 15% 3.58 

6 
Careful supply chain 

management 
1% 15% 32% 41% 11% 3.46 

7 

Overcoming lack of 

industry knowledge about 

Prefab 

6% 15% 28% 32% 19% 3.43 

8 BIM usage 12% 26% 32% 21% 8% 2.86 
 

The second question asked about technologies electrical contractors use that are beneficial for prefab. 

The respondents were given six answer options, and the respondent could select more than one 

answer. Also, an “other” option was added to give the respondents the chance to add any other 

answer. Of the 99 electrical contractors who responded to this question, 82 percent selected 2D 

drawings, 68 selected percent electronic file transfer, 57 percent selected logistics, 52 percent selected 

BIM, 24 percent selected cloud-based coordination and 5 percent selected bar code scanner (see 

Figure 4-19). The “other” list includes Excel spread-sheet, 4D CAD, Go-To-Meeting and tablet 

computers. The results of this question matches the previous question as both of them show that 

electrical contractors are still using 2D drawings and they did not agree on BIM as an essential tool in 

the prefab process. 
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Figure 4-19: Technologies Used for Good Prefab 

 Tatum (1986) showed that the use of prefab can create significant changes in design 

activities. Tatum summarized these changes in 4 points: (1) making the supplier responsible for major 

design activities, (2) having new criteria for design, (3) increasing the interdependency within design 

and between design and construction, as well and (4) having the need of earlier design decisions 

based on conceptual information. Tatum also mentioned that the fragmented structure of the 

construction industry makes communication between designers and builders very difficult which can 

impede the use of prefab. He believed that adopting prefab without good communication between 

designers and contractors presented a challenge that could result in failure. As project delivery 

systems define the relationship between the design and construction phases, this research was inspired 

to ask about the best project delivery system for prefab. Electrical contractors were given 5 project 

delivery systems from which to select one: Design-Bid-Build (DBB), agent construction 

management, Construction Management at risk (CMR), Design-Build (DB) and Integrated Project 

Delivery (IPD). Besides the five options, a “does not matter” option was added. As seen in Figure 4-

20, 37 percent of the 99 electrical contractors who responded to this question mentioned that the type 

of project delivery system does not have any impact on the prefab process. Although delivery systems 
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such as IPD and DB can improve the collaboration between the design team and the construction 

team, which can be good for prefab based on Tatum’s point of view, this research showed that 

electrical contractors do not support this, as the responses imply that project delivery system does not 

have any impact on the prefab process. To understand where this conflict came from, it is essential to 

know which delivery systems electrical contractors are currently using. In the third chapter of this 

research, it was shown that electrical contractors use DBB on 44 percent of their projects (on average) 

while they use DB on 22 percent of their projects and IPD on only 5 percent of their projects. 

Consequently, this conflict can be explained through the fact that most electrical contractors are still 

using the traditional project delivery system DBB and they have not taken complete advantage of 

using other collaborative delivery systems such as DB and IPD. This may be why they do not see any 

relationship between prefab and the type of project delivery system. 

 

Figure 4-20: The Best Project Delivery System for Prefab 
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4.4     Conclusion 

 Based on the answers of companies currently use prefab, the use of prefab as a percentage of 

labor hours in one project has increased by about 9 percent in the last 10 years in the 

electrical construction industry. 

 Most electrical construction companies are currently using prefab and started using it a few 

years ago. However, they still spend a limited amount of their labor hours on prefab. 

 No significant difference was found between the use of prefab in union companies and merit 

shop companies. 

 The percentage of electrical contractors that use prefab in the South of the United States is 

higher than the percentage of users in the other locations of the United States and Canada. In 

addition, the percentage of prefab users in the United States is higher than the percentage of 

users in Canada. 

 Electrical contractors will adopt prefab on any project, regardless of the project size. In 

addition, they use prefab in different electrical activities, but most of time, prefab is used in 

cutting and spooling wires, bending conduits and creating receptacle assemblies.  

 Electrical contractors usually perform prefab in-house and off-site. This suggests that 

electrical contractors have their own prefab shops where they perform prefab and then they 

send the prefabricated items to construction site ready to be installed. 

 Electrical contractors believe in prefab as a good way to improve different aspects of their 

performance and they believe that using prefab on a project benefit electrical contractors 

more than owners, general contractors or project A/E. 

 Prefab has great potential for improving craft productivity by reducing overmanning. One 

productive hour in the shop equals 2.2 hours in the field, on average. 



84 

 

 The amount of pre-planning, inflexibility to make modifications and amount of required 

coordination with other trades are the most significant impediments to using prefab in the 

electrical construction industry. 

 Earlier decision-making regarding using prefab on a project is the most important 

requirement for successful prefab. On the other hand, electrical contractors do not believe 

BIM is a helpful tool in prefab use. 
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Chapter 5 Prefab Projects 

5.1     Introduction 

 To understand the impact of using prefab on project performance, the survey asked electrical 

contractors who are currently using prefab to provide information regarding key projects in which 

they implemented electrical prefab practices. This chapter will study these projects with the aim of 

understanding how prefab impacted project performance. This chapter includes two main sections. 

The first section will present the profile of the projects and the second will analyze the impact of 

using prefab on these projects.  

5.2     Project Characteristics 

Before exploring the impacts of using prefab on project performance, the following section of 

the chapter will present the characteristics of these projects. The total number of projects included in 

this analysis is 89. 

5.2.1 Location  

As shown in Table 5-1, the projects that will be studied in this chapter were performed in 

different locations across the United States and Canada. Of the 89 projects, 36 percent were 

performed in the Midwest of the U.S., 22 percent in Canada, 19 percent in the Western U.S., 17 

percent in the Southern U.S. and 6 percent in the Northeast U.S. The distribution shows that this is a 

representative sample of projects as they come from various locations in the United States and 

Canada. 
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Table 5-1: Distribution of Projects 

Category Project Location Responses Percentage 

1 U.S.-Midwest 32 36% 

2 Canada 20 22% 

3 U.S.-West 17 19% 

4 U.S.-South 15 17% 

5 U.S.-Northeast 5 6% 

 Total 89 100% 

 

 As seen in Table 5-2, 62 percent of projects were very close (less than or equal to 20 miles) to 

the contractor’s office, 52 percent of projects were 20 to 100 miles away from company’s location 

and the remaining 14 percent were more than 100 miles away from company’s location. The 

information provided in Table 5-2 shows that, there is a greater probability that electrical contractors 

will perform prefab work if the project is closer to the main office. 

 

Table 5-2: Driving Distance Between Company Location and Prefab Project Location 

Category Driving Distance Between Company and Project Percentage 

1 Less than or equal 20 miles 62% 

2 Between 20 miles and 100 miles 25% 

3 Between 100 miles and 250 miles 8% 

4 Between 250 miles and 500 miles 3% 

5 More than 500 miles 3% 

5.2.2 Year of Completion 

 The survey asked electrical contractors about the year of completion for each project. The 

majority of these projects were completed recently as 75 percent of them were completed in the last 

three years. 41 percent were completed in 2013, 22 percent in 2012 and 12 percent in 2011. 7 percent 

are ongoing projects while the remaining 18 percent were completed between 2004 and 2010 (see 

Figure 5-1). This shows that, all these projects are relatively new projects. 
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Figure 5-1: Year of Project Completion 

5.2.3 Project Type 

 The respondents were asked about the type of projects to learn the type of projects in which 

electrical contractors use prefab and to collect complete information about this sample of projects. Of 

these projects, 38 percent were institutional (hospitals, correctional facilities, schools, etc.), 29 

percent were commercial (banks, retail, office buildings, etc.), 15 percent were industrial or 

manufacturing, 3 percent were residential, 3 percent were heavy civil or highway and 12 percent were 

in the “other” group. This “other” group includes: 

 Data centers 

 Large truck repair facility 

 High voltage transformer station 

 Oilfield  
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Figure 5-2: Project Types 

 In addition, the survey asked about the type of construction of these projects. The respondents 

were given 3 answer options: new construction, renovation and addition or expansion. The 

respondents were instructed to specify the percentage of each construction type that was performed in 

the project with the condition that all percentages should add up to 100 percent.  As shown in Table 

5-3, new construction came first with an average of 65.4 percent, renovation came second with an 

average of 23.9 percent and addition or expansion came third with an average of 10.6 percent. 

Table 5-3: Type of Construction in Projects 

Category Projects Type 
Min. 

Value 

Max. 

Value 

Average 

Percent 

Standard 

Deviation 

1 New construction 
0 100 65.4 45.06 

2 Renovation 
0 100 23.98 38.92 

3 Addition or expansion 
0 100 10.63 26.75 
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5.2.4 Type of Work 

 In this survey, electrical contractors were asked about the type of work they self-performed in 

these projects. Of the responding companies, 95 percent performed lighting work, 94 percent 

performed power work, 76 percent performed low-voltage work, 65 percent performed control work, 

64 percent performed communication work and 61 percent performed data and security work (see 

Figure 5-3). 

 

Figure 5-3: Type of Work in Projects 

5.2.5 Delivery Systems 

 DBB was the project delivery system was used on the majority of projects that will be 

studied. 48 percent of the projects used DBB, 17 percent used DB, 11 percent used multiple prime 

contractors, 10 percent used IPD, 7 percent used CMR and 7 percent used agent construction 

management (see Figure 5-4). This distribution matched the distribution of the project delivery 

systems used in the electrical construction industry that was mentioned in Chapter 3. 
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Figure 5-4: Project Delivery Systems Used in Projects 

5.2.6 Cost, Duration and Complexity 

 In the survey, electrical contractors were asked about the approximate total cost of their 

company’s work in the projects that they mentioned in this part of the survey.  Of these projects, 38 

percent had a total cost of more than $2 million and less than or equal to $10 million, 20 percent had a 

total of more than $10 million and less than or equal to $40 million, 16 percent had a total cost of 

more than $500,000 and less than or equal to $2 million, 12 percent had a total cost of more than 

$100,000 and less than or equal to $500,000, 7 percent had a total cost of less than or equal to 

$100,000 and 6 percent had a total cost of more than $40 million (see Table 5-4). This distribution 

suggests that the data are descriptive and unbiased towards a particular project size. 
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Table 5-4: Project Cost 

Category Project Cost Percentage 

1 Less than  or equal $100,000 7% 

2 More than $100,000 and less than or equal $500,000 12% 

3 More than $500,000 and less than or equal $2 million 16% 

4 

More than $2 million and less than or equal $10 

million 38% 

5 

More than $10 million and less than or equal $40 

million 20% 

6 More than $40 million 6% 
 

 Regarding project duration, 88 percent of these projects had a total duration of less than or 

equal to 24 months and the remaining 12 percent had a total project duration of more than 24 months 

(see Table 5-5). 

Table 5-5: Project Duration 

Category Project Duration Percentage 

1 Less than or equal 6 months 22% 

2 More than 6 months and less than or equal 12 months 27% 

3 More than 12 months and less than or equal 18 months 21% 

4 More than 18 months and less than or equal 24 months 17% 

5 More than 24 months 12% 

    

 In addition, the survey asked the respondents about the level of complexity for these projects 

compared to other projects from the same industry. The survey gave the respondents three options 

from which to select one: high, average and low. Of the respondents, 51 percent selected average, 42 

percent selected high and 7 percent selected low (see Table 5-6).  

 These findings illustrate that the sample of prefab projects is both diverse and large enough 

for statistical analysis. 
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Table 5-6: Project Level of Complexity 

Category Project Complexity Percentage 

1 Average 51% 

2 High 42% 

3 Low 7% 

5.2.7 Prefab Labor Hours and Activities  

 To understand how prefab was used on these projects, the survey asked the respondents two 

questions. The first one pertained to the percentage of labor hours spent on prefab in these projects. 

Of the responding companies, 56 percent spent 10 to 24 percent of their labor hours in these projects 

on prefab, 27 percent spent 1 to 9 percent of their labor hours on prefab, 13 percent spent 25-49% of 

their labor hours on prefab and 3 percent spent 50 to 75 percent of their labor hours on prefab (see 

Table 5-7). 

Table 5-7: Percent of Labor Hours Spent on Prefab in Projects 

Category 

Prefab Labor Hours 

Percentage Percentage 

1 1-9% 27% 

2 10-24% 56% 

3 25-49% 13% 

4 50-75% 3% 

5 More than 75% 0% 
 

 The second question asked about the type of activities in which they used prefab on these 

projects. The survey gave the respondents eight activities and asked the respondents to select “yes” 

for the activities in which prefab was used. As illustrated in Figure 5-5, electrical contractors used 

prefab in all eight activities with prefab used most often in the following activities: lighting fixtures, 

receptacle assemblies, bending conduits, raceways and cutting and spooling wires. 
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Figure 5-5: Electrical Activities in Which Prefab Was Used 

5.2.8 BIM Use 

 Through asking the respondents about whether they used BIM on the project, it was found 

that BIM was only used in 37 percent of these projects (see Table 5-8). This corroborates the results 

that this research presented in the previous chapter that showed most electrical contractors do not see 

BIM as a requirement for a good prefab process. The simple justification for this could be because 

they have not had enough experience using BIM yet. 

Table 5-8: BIM Use in Projects 

Category BIM Use Percentage 

1 Yes 37% 

2 No 63% 
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5.3     Impact of Prefab on Project Performance 

After studying the characteristics of the projects that served as of projects in which prefab 

was used, this section analyzes the impacts of using prefab on project performance. The performance 

analysis will include five points: cost, schedule, labor, safety and quality. 

5.3.1 Cost 

 To study the effect of using prefab on total project cost, the survey asked electrical 

contractors to rate the significance of prefab impact on the following eight cost-related project issues 

on a scale of “none” to “a lot”: 

 Earlier return on investment 

 More cash flow options 

 Reduced labor wages 

 Tighter cost control 

 Monetary incentives associated with safety 

 Higher transportation cost 

 Higher material cost  

 Insurance cost reduction 

 Every cost-related point has five percentages, one for each rating “none” to “a lot” and these 

percentages add up to 100 percent (approximately, due to rounding). Each rating factor was assigned 

a number: one to five. The mean scale denotes the average of all the responses for each cost-related 

point. The closer this number is to five, the more significance is given to this point. As shown in 

Table 5-9, electrical contractors noted that prefab had a higher significant effect on four cost-related 

issues in these projects: providing tighter cost control, decreasing labor wages, providing more 

options for cash flow (since work could be done sooner or be delayed without affecting targets) and 

reducing the time to market (which allowed for earlier return on investment). On the other hand, 
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electrical contractors reported that prefab had a lesser effect on the other four cost-related issues: 

providing opportunity for monetary incentives associated with safety, increasing transportation cost, 

increasing material cost and reducing insurance cost.   

Table 5-9: Impact of Prefab on Cost-related Project Issues 

Rank Cost-related Project Issues None Little Some 
Quite  

a bit 
A lot 

Mean 

Value 

1 Tighter cost control  4% 4% 39% 40% 14% 3.57 

2 Reduced labor wages  7% 12% 34% 35% 12% 3.32 

3 More cash flow options 15% 26% 34% 19% 6% 2.74 

4 Earlier return on investment 22% 25% 31% 16% 6% 2.59 

5 Monetary incentives associated with safety  42% 23% 18% 16% 1% 2.10 

6 Higher transportation cost 42% 39% 18% 1% 0% 1.78 

7 Higher material cost 71% 18% 8% 4% 0% 1.44 

8 Insurance cost reduction 86% 6% 1% 5% 1% 1.28 

 

 Furthermore, the survey asked the respondents about the overall effect of using prefab on total 

project cost. Of the respondents 81 that provided projects for this question, 97 percent experienced 

total cost reduction due to prefab use, 2 percent experienced cost increase and 1 percent experienced 

no change in total project total cost (see Figure 5-6). Of the projects in which prefab decreased the 

total cost, 36 percent had 1-4% of cost reduction due to prefab, 32 percent had 5-9% of cost 

reduction, 21 percent had 10-19% of cost reduction and the remaining 11 percent had 20% or more of 

cost reduction due to prefab (see Table 5-10). 
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Figure 5-6: Impact of Prefab on Total Project Cost 

Table 5-10: Cost Reduction Due to Prefab 

Category Cost Reduction Percentage 

1 1-4% 36% 

2 5-9% 32% 

3 10-19% 21% 

4 20-29% 9% 

5 30-40% 1% 

6 More than 40% 1% 

       

Chi-squared tests were conducted to study the correlation between cost reduction due to prefab and 

project characteristics. One test was conducted to evaluate the correlation between project complexity 

and cost reduction due to prefab. The null hypothesis of this test was that these two variables are 

independent (not correlated). With a P-value of 0.29, no correlation was found between project 

complexity and cost reduction due to prefab at the 0.05 level of significance. In addition, another Chi-

squared test was performed to test the null hypothesis that the cost reduction due to prefab on a 

project and the percentage of prefab labor hours in the same project are independent. With P-value of 

6.31e-06, a very strong correlation was found between cost reduction due to prefab on a project and 
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the percentage of prefab labor hours in the same project. Figure 5-7 shows that this correlation has a 

positive trend, which indicates that the higher the labor hour percentage electrical contractors spent on 

prefab in these projects, the higher the cost reduction they attained due to prefab. 

 

Figure 5-7: Cost Reduction Based on Prefab Labor Hours Percentage in the Projects 

5.3.2 Schedule 

 As discussed in the Chapter 4 of this research, the main driver of prefab use in the electrical 

construction industry is the pressure to meet schedule constraints. The survey asked electrical 

contractors to classify how prefab impacted the following six schedule-related project issues: 

 Allowing work to begin off-site while site permits were being processed 

 Increasing timing with shipping or transportation windows 

 Increasing parallel activities 

 Performing work activities out of the normal sequence 

 Reducing shutdown time  

 Faster repairing or replacement for equipment or tools used in the shop 
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Based on the mean value that every schedule-related point received, performing activities out of the 

normal sequence came first with a mean value of 3.75. Increasing the parallel activities came second 

with a mean value of 3.62 and increasing transportation or shipping time came third with a mean 

value of 2.89. After the first three, allowing work to begin off-site while site permits were being 

processed, reducing shutdown time and faster repairing or replacement for equipment or tools used in 

the shop came fourth, fifth and sixth, respectively (see Table 5-11). 

Table 5-11: Impact of Prefab on Schedule-related Project Issues 

Rank Schedule-related Project Issues None Little Some 
Quite 

a bit 

A 

lot 

Mean 

value 

1 Performing work activities out of 

the normal sequence. 
1% 8% 30% 38% 24% 3.75 

2 
Increasing the parallel activities  

2% 5% 35% 44% 14% 3.62 

3 Increased timing with shipping or 

transportation windows. 
17% 17% 33% 23% 9% 2.89 

4 
Allowing work to begin off-site 

while site permits were being 

processed 

38% 13% 16% 17% 17% 2.63 

5 Reducing shutdown time. 34% 15% 21% 17% 13% 2.58 

6 
Faster repairing or replacement 

for equipment or tools used in the 

shop  

37% 20% 19% 18% 6% 2.35 

 

 The survey asked electrical contractors about the overall impact of prefab on the project 

duration. Of 82 projects provided in response to this question, 94 percent experienced a reduction in 

project duration due to prefab use, 2 percent experienced an increased duration and 4 percent 

experienced no change in project duration (see Figure 5-8).  Of the projects that experienced a 

reduction, 33 percent had a 1 to 4 percent of schedule reduction due to prefab, 27 percent had a 5 to 9 

percent schedule reduction, 24 percent had a 10 to 19 percent schedule reduction and the remaining 

16 percent had a 20 percent or greater schedule reduction due to prefab (see Table 5-12). 
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Figure 5-8: Prefab Impact on Project Schedule 

Table 5-12: Schedule Reduction Due to Prefab 

Category Schedule Reduction Percentage 

1 1-4% 33% 

2 5-9% 27% 

3 10-19% 24% 

4 20-29% 12% 

5 30-40% 4% 

6 More than 40% 0% 
 

A Chi-squared test was conducted to study the null hypothesis that schedule reduction due to prefab 

and the complexity of projects are independent. No correlation could be found between the two 

variables at the 0.05 significance level (P-value = 0.57). On the other hand, a similar Chi-squared test 

showed a strong correlation between schedule reduction in a project due to prefab and the percentage 

of prefab labor hours in the same project (P-value = 0.0079). Figure 5-9 shows that this correlation 

has a positive trend, which indicates that the higher the labor hours percentage electrical contractors 

spent on prefab in these projects, the higher the schedule reduction percentage they achieved due to 

prefab use. 
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Figure 5-9: Schedule Reduction Based on Prefab Labor Hours Percentage in Projects 

5.3.3 Labor 

 The survey gave electrical contractors four labor-related project issues and asked them to rate 

the significance of prefab impact. Each one was on a five-point scale from “none” to “a lot.” These 

labor-related project issues were: 

 Decreasing overmanning 

 Moving critical work to locations where adequate skilled labor is available 

 Helping to alleviate labor strains on other company projects  

 Increasing labor productivity (on-site and off-site) 

As shown in Table 5-13, increasing labor productivity came first with a mean value of 3.624, 

decreasing overmanning came second with a mean value of 3.43, moving critical work to locations 

where adequate skilled labor is available came third with a mean value of 2.87 and helping to 

alleviate labor strains on other company projects came last with a mean value of 2.84.  
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Table 5-13: Impact of Prefab on Labor-related Project Issues 

Rank Labor-related Project Issues None Little Some 
Quite 

a bit 
A lot 

Mean 

value 

1 
Increasing labor productivity (on-site and off-

site). 
2% 7% 31% 46% 14% 3.62 

2 Decreasing overmanning 4% 12% 36% 34% 14% 3.43 

3 
Moving critical work to locations where 

adequate skilled labor is available 
18% 14% 36% 27% 5% 2.86 

4 
Helping to alleviate labor strains on other 

company projects 
7% 31% 38% 20% 5% 2.84 

 

 To measure the effect of prefab on project labor, the survey asked electrical contractors about 

the change in labor efficiency due to prefab use on these projects. Efficiency was defined as it is 

defined by the Construction Industry Institute (CII); “The actual labor hours expended on the 

complete project compared with the estimated labor hours (including the estimates for original work 

and change order work.” In other words, efficiency is the ratio between actual performance to the 

theoretical maximum performance (Hanna 1999). The reason behind asking about efficiency instead 

of productivity is that detailed productivity data from contractors is unattainable. Of 84 projects 

provided in response to this question, 95 percent showed an increase in labor efficiency due to prefab 

use and 5 percent showed a decrease in labor efficiency due to prefab use on their projects (see Figure 

5-10). Of the projects that experienced an efficiency increase due to prefab use, 36 percent had a 5 to 

9 percent labor efficiency increase due to prefab, 29 percent had a 1 to 4 percent labor efficiency 

increase, 25 percent had a 10 to 19 percent labor efficiency increase and the remaining 10 percent had 

a 20 percent or more labor efficiency increase due to prefab (see Table 5-14). 
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Figure 5-10: Impact of Prefab on Projects’ Labor Efficiency 

Table 5-14: Labor Efficiency Increase Due to Prefab 

Category Labor Efficiency Increase Percentage 

1 1-4% 29% 

2 5-9% 36% 

3 10-19% 25% 

4 20-29% 5% 

5 30-40% 4% 

6 More than 40% 1% 

 

A Chi-squared test was performed to test the null hypothesis that the prefab labor hours percentage in 

a project and the labor efficiency increase due to prefab are not correlated. This test revealed a very 

strong correlation between the prefab labor hours percentage in a project and the labor efficiency 

increase due to prefab use (P-value = 1.56e-09). Figure 5-11 shows that this correlation has a positive 

trend, which indicates that the more labor hours electrical contractors spent on prefab in these 

projects, the higher the labor efficiency increase they saw due to prefab. 

Increase 

95% 

Decrease 

5% 
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Figure 5-11: Labor Efficiency Increase Based on Prefab Labor Hours Percentage in Projects 

5.3.4 Safety 

 It was important to study the impacts of prefab on safety. The survey asked the respondent to 

rate the significance of using prefab on the following four safety-related project issues: 

 Reducing safety regulatory requirements for on-site personnel 

 Minimizing work in hazardous areas 

 Increasing safety planning due to the use of larger lifts  

 Decreasing the risk from working in high elevations, confined spaces, known toxic 

atmosphere, etc. 

Based on the mean value that every safety area received, prefab had a moderate impact on minimizing 

work in hazardous areas and reducing safety regulatory requirements for on-site personnel. It had a 

less significant impact on decreasing the risk from working in high elevations, confined spaces, 

known toxic atmosphere and increasing safety planning due to the use of larger lifts (see Table 5-15).  
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Table 5-15: Impacts of Prefab on Safety-related Project Issues 

Rank Safety-related Project Issues None Little Some 
Quite 

a bit 

A 

lot 

Mean 

value 

1 Minimizing work in hazardous areas  40% 15% 29% 11% 5% 2.24 

2 
Reducing safety regulatory 

requirements for on-site personnel 
51% 15% 20% 9% 5% 2.02 

3 

Decreasing the risk from working in 

high elevations, confined spaces, 

known toxic atmosphere, etc. 

53% 20% 15% 8% 4% 1.89 

4 
Increasing safety planning due to the 

use of larger lifts 
59% 20% 13% 7% 1% 1.71 

5.3.5 Quality 

 In the survey, the respondents were asked to rate the significance of the impact of prefab on 

the following quality-related points: 

 Enhancing quality control 

 Reducing factors associated with low field quality  

 Having a green site and building 

Electrical contractors reported that prefab had a significant impact on reducing factors associated with 

low field quality on these projects. With a mean value of 3.43, electrical contractors reported that 

prefab had a good impact on quality control. Last, with a mean value of 2.68, electrical contractors 

mentioned that prefab had a less significant impact on having a green site and building (see Table 5-

16). 
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Table 5-16: Prefab Impacts on Quality-related Project Issues 

Rank Quality-related Project Issues None Little Some 
Quite 

a bit 

A 

lot 

Mean 

value 

1 
Reducing factors associated with 

low field quality 
7% 8% 21% 52% 12% 3.529 

2 
Enhancing quality control on this 

project 
5% 12% 31% 41% 12% 3.435 

3 Having a greener buildings and site 18% 31% 25% 20% 7% 2.682 

5.4     Conclusion 

 Electrical contractors use prefab on many different project types, but prefab is more likely to 

be performed in institutional and commercial project. 

 Electrical contractors used BIM in a limited manner on their previous projects, which could 

explain why they do not see BIM as a requirement for a better prefab process. 

 Prefab has the potential to significantly improve project performance in different aspects such 

as cost, schedule, labor and quality. 

 Electrical contractors currently using prefab experienced cost reduction due to prefab use on 

97 percent of their prefab projects. Most of the time, this cost reduction was between 1 to 4 

percent. 

 Electrical contractors currently using prefab reported that prefab decreased project duration 

on 94 percent of their prefab projects. Most of the time, project duration was reduced by 1 to 

4 percent. 

 Electrical contractors currently using prefab experienced a labor efficiency increase due to 

prefab use on 95 percent of their prefab projects. Most of the time, this labor efficiency 

increase was between 5 to 9 percent. 

 Electrical contractors reported that prefab had a high impact on two quality-related project 

issues: reducing factors associated with low field quality and enhancing quality control. 
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 About 50 percent of prefab projects performed by electrical contractors did not 

experience any change in the following safety-related project issues: reducing safety 

regulatory requirements for on-site personnel, minimizing work in hazardous areas and 

increasing the required safety planning due to the use of larger lifts. 
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Chapter 6 Future Use of Prefab 

6.1      Introduction 

 What percentage of electrical construction projects will implement prefab in the next two 

years? What are electrical contractors’ plans to improve their use of prefab in the near future? This 

chapter will answer these questions. The main objective of this chapter is to provide the reader with a 

clear image of the use of prefab in the electrical construction industry over the next two years. In 

addition, this chapter will introduce electrical contractors to some techniques with which they will be 

able to improve their use of prefab in the near future. 

6.2     Expected Use 

To help this research in estimating the use of prefab in the next two years, the respondents 

were asked about the percentage of their company’s projects that will be implementing prefab in the 

next two years. In this question, the respondents were given nine answer options and instructed to 

select one. These nine answer options were intended to provide the respondent with the chance of 

choosing the most precise answer. Of the 141 electrical contractors that responded to this question, 17 

percent selected more than 75 percent, 17 percent selected 1-9 percent, 14 percent selected 10 to 19 

percent and the remaining 52 percent selected other options (see Table 6-1). The answers of this 

question were randomly distributed, revealing that electrical contractors will have disparate uses of 

prefab during the next two years. By taking the average of all the answers, it was found that prefab 

will be used on 37 percent of electrical construction projects in the next two years. 
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Table 6-1: Predicted Future Use of Prefab on Projects by Electrical Contractors 

Category 

Prefab Project 

Percentage in the Future Responses Percentage 

1 0% 10 7% 

2 1 - 9% 24 17% 

3 10 - 19% 20 14% 

4 20 - 29% 15 11% 

5 30 - 39% 13 9% 

6 40 - 49% 10 7% 

7 50 -59% 10 7% 

8 60 - 75% 15 11% 

9 More than 75% 24 17% 

  Total 141 100% 

 

 This question’s answers were categorized into two different groups: current prefab users and 

non-users. Table 6-2 shows the answers for the companies that currently use prefab. The majority of 

current prefab users (23 percent) expect to use prefab on more than 75 percent of their companies’ 

projects in the coming two years. On the other hand, 28 percent of electrical contractors not currently 

using prefab are not planning on using prefab in the next two years, while the other 72 percent will 

use prefab on a limited amount of their companies’ projects in the next two years (see Table 6-3). 

Table 6-2: Predicted Future Use of Prefab on Projects by Electrical Contractors Currently Using Prefab 

Category 
Prefab Project Percentage 

in Future 
Responses Percentage 

1 0% 0 0% 

2 1 - 9% 5 5% 

3 10 - 19% 17 16% 

4 20 - 29% 13 12% 

5 30 - 39% 12 11% 

6 40 - 49% 9 9% 

7 50 -59% 10 10% 

8 60 - 75% 15 14% 

9 More than 75% 24 23% 

  Total 105 100% 
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Table 6-3: Predicted Future Use of Prefab on Projects by Electrical Contractors Not Currently Using Prefab 

Category 
Prefab Project 

Percentage in Future 
Responses Percentage 

1 0% 10 28% 

2 1 - 9% 19 53% 

3 10 - 19% 3 8% 

4 20 - 29% 2 6% 

5 30 - 39% 1 3% 

6 40 - 49% 1 3% 

7 50 -59% 0 0% 

8 60 - 75% 0 0% 

9 More than 75% 0 0% 

  Total 36 100% 

 

 To gain an understanding of the motives that result in increased prefab use in the future, the 

respondents were asked if they think the increased use of prefab offers the potential to gain a 

competitive advantage. Of 142 electrical contractors, 80 percent believed in prefab as a good way to 

gain a competitive advantage. 11 percent were not sure and 8 percent did not see prefab offering the 

potential to gain a competitive advantage (see Table 6-4).  

Table 6-4: Prefab Use as a Competitive Advantage 

Category 
Prefab  Offering 

Competitive Advantage 
Percentage 

1 Yes 80% 

2 No 8% 

3 Not Sure 11% 

 

Figure 6-1 displays the results of a Chi-squared test which was conducted to study the correlation 

between company responses to this question and the percentage of their projects that will be 

implementing prefab in the next two years. A Chi-squared test was performed to test the null 

hypothesis that the future use of prefab and understanding that prefab that offers a competitive 

advantage are not correlated. With a P-value of 2.1e-06, this test showed high correlation between the 

use of prefab in the next two years and the understanding that prefab offers a competitive advantage 
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at the 0.05 level of significance. Figure 6-1 explains how this correlation has a positive trend. This 

shows that companies that are planning to use prefab freqyently in the future think that this increased 

use offers the potential to gain a competitive advantage.  

 

Figure 6-1: Prefab as a Competitive Advantage Based on Companies’ Future Use 

6.3     Investment 

 In the survey, electrical contractors were asked to indicate their estimated level of prefab 

investment in the next two years. The survey offered seven specific categories: 

 Purchasing information technology tools, 

 Creating prefab procedures within the company 

 Coordinating with projects for just in time (JIT) delivery 

 Creating prefab procedures with other companies (suppliers and vendors) 

 Training staff on prefab 

 Marketing prefab capability to potential customers  

40% 

11% 4% 3% 

40% 

18% 
14% 

20% 

70% 
82% 

97% 100% 

0% 1-19% 20-39% 40-75% More than 75%

Percentage of Prefab Projects in the Next Two Years 

Prefab Use as a Competitive Advantage Based on 
Companies' Future Use of Prefab 

Yes

Not sure

No

Chi-squared test 
P-value = 2.101e-06 

(n1 = 10)              (n2 = 44)              (n3 = 28)              (n4 = 35)          (n5 = 24) 
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 Expanding warehouse/shop to accommodate prefab 

The respondents rated their answers on a scale from “none” to “a lot.” Every investment area has five 

percentage points one for each rating “none” to “a lot” and these percentages add up to 100 percent 

(approximately, due to rounding). Each rating factor was assigned a number: one to five. The mean 

scale denotes the average of all the responses for each investment category. To differentiate between 

prefab investment in companies that are currently using prefab and companies that are not using 

prefab, the answers to this question were separated into two different groups: prefab users and non-

users. Tables 6-5 and Table 6-6 show the answers of the users and the non-users, respectively. By 

comparing these two tables, it is clear that electrical contractors currently using prefab are planning 

on investing in these areas more than electrical contractors not currently using prefab. As shown in 

Table 6-5, electrical contractors currently using prefab will focus on training their staffs on prefab, 

creating prefab procedures within their companies and coordinating with projects for “just in time” 

delivery to improve their prefab process during the next two years. Electrical contractors not currently 

using prefab will focus on information technology tools, coordinating with projects for “just in time” 

delivery and creating prefab procedures within their companies to help them to begin adopting prefab 

in the next two years. 
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Table 6-5: Prefab Users’ Plans to Improve Their Use of Prefab During the Next Two Years 

Rank 
Users’ Plans to Improve Prefab 

Use 
None 

A 

little 
Some 

Quite a 

bit 
A lot 

Mean 

value 

1 Training staff on prefab 2% 9% 34% 31% 24% 3.66 

2 
Creating prefab procedures within 

the company 
2% 8% 32% 41% 17% 3.63 

3 
Coordinating with projects for “just 
in time” delivery 

3% 10% 34% 35% 17% 3.53 

4 
Purchasing Information Technology 

tools 
6% 15% 42% 31% 7% 3.18 

5 
Marketing prefab capability to 
potential customers 

9% 23% 29% 24% 15% 3.14 

6 

Creating prefab procedures with 

other companies (suppliers and 

vendors) 

13% 19% 30% 27% 10% 3.01 

7 
Expanding warehouse/shop to 

accommodate prefab 
24% 18% 28% 18% 12% 2.77 

 

Table 6-6: Prefab Non-users’ Plans to Begin Using Prefab during the next Two Years 

Rank 
Non-users’ Plans to Begin Prefab 

Use 
None 

A 

little 
Some 

Quite 

a bit 
A lot Mean value 

1 
Purchasing Information Technology 
tools 

19% 27% 49% 5% 0% 2.40 

2 
Coordinating with projects for “just 

in time” delivery 
35% 22% 24% 14% 5% 2.32 

3 
Creating prefab procedures with 
other companies (suppliers and 

vendors) 

44% 33% 17% 6% 0% 1.83 

4 
Creating prefab procedures within 

the company 
46% 35% 14% 3% 3% 1.81 

5 Training staff on prefab 51% 27% 14% 5% 3% 1.81 

6 
Expanding warehouse/shop to 

accommodate prefab 
68% 19% 11% 0% 3% 1.51 

7 
Marketing prefab capability to 

potential customers 
65% 22% 14% 0% 0% 1.48 
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6.4     Conclusion 

 Electrical contractors will still have disparate use of prefab during the next two years. On 

average, prefab will be used on 37 percent of electrical construction projects in the next 

two years. 

 Electrical contractors currently using prefab are planning on using prefab on more than 

75 percent of their projects during the next two years.  

 72 percent of electrical contractors that are not currently using prefab will start using it 

within the next two years.  

 Electrical contractors currently using prefab are planning on increasing the investment in 

training staffs on prefab, creating prefab procedures within their companies and 

coordinating with projects for “just in time” delivery to improve their prefab process in 

the next two years. Companies not currently using prefab will have a limited investment 

in information technology tools, coordinating with projects for “just in time” delivery and 

creating prefab procedures within their companies to start using prefab during the next 

two years. In general, current users will be investing in prefab more than non-users in the 

future. 
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Chapter 7 Summary and Conclusion 

7.1     Introduction 

 Electrical construction is a high-risk industry. This is because of (1) the high percentage of 

labor in electrical construction activities, (2) the significant part of this work is last in line in a project 

and (3) the low profit margin. Improving productivity in such a high-risk industry can improve the 

performance and increase the profit of their members.  

 This research analyzed the impact of prefab on project performance. It studied the 

performance of projects in which the electrical contractors implemented prefab practices. The results 

discussed here will help electrical contractors when making the decision to adopt prefab in future 

projects.   

7.2     Summary of Methods 

Two types of statistical tests were used to analyze the data. The first test is the Chi-squared 

for contingency table. This test was used to study the correlation between the data variables received 

in the survey. The second test used in this research is a paired t-test. It was used to determine whether 

there is a significant difference between the mean values of the same measurement under two 

different factors. 

7.3     Summary of Results and Contributions 

The following results were drawn based on surveying 142 electrical contractors in the United 

States and Canada and studying the performance of 89 projects in which electrical prefab practices 

were implemented: 
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Current Use 

 Based on the answers of electrical contractors currently use prefab, the average use of prefab 

as a percentage of labor hours in a single project has increased by about 9 percent during the last 10 

years in the electrical construction industry. 

According to the answers received in the survey, 74 percent of electrical contractors currently 

use prefab. The majority of these current-users began adopting prefab in their companies over five 

years ago. However, 63 percent of users spend only 1 to 9 percent of their company’s labor hours on 

prefab. This shows that the majority of current-users still have a limited use of prefab. 

 Electrical contractors use prefab to perform different electrical activities. Most of time prefab 

is used in cutting and spooling wires, bending conduits and creating receptacle assemblies. Also, 

prefab is usually performed in-house and off-site. 

Advantages & Impediments 

The responses that were received highlighted some advantages to using prefab. Electrical 

contractors believe prefab is a good way to improve different aspects of their performance and that 

using prefab on a project benefits electrical contractors more than owners, general contractors and 

project A/E. Specifically, the most significant benefit of using prefab on a project is improving labor 

productivity as a result of decreasing on-site overmanning. Electrical contractors reported that one 

productive hour in the shop equals (on average) 2.2 hours in the field. This indicates that increasing 

the use of prefab may be a good way to solve the construction industry’s problem which is the 

continuous decline in labor productivity. 

The survey also found certain impediments to increasing the use of prefab. The major 

impediments found include the amount of pre-planning, inflexibility to make modifications and the 

amount of required coordination with other trades. 
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Best Practices 

The successful use of prefab is tied to a best practice of early decision-making. The survey 

results showed this to be the most important requirement when prefab was used successfully. 

At this point, it appears that electrical contractors do not yet agree that BIM is a helping tool in prefab 

use. This research revealed that the issue with BIM is that electrical contractors have a limited 

experience with it as they use BIM on only 36 percent of their projects. 

Prefab Projects 

Prefab has the potential to significantly improve project performance in different aspects such 

as: cost, schedule, labor and quality.  

 Electrical contractors currently using prefab experienced cost reductions on 97 percent of 

their prefab projects, and most of the time, this cost reduction was between 1 to 4 percent. This 

reduction is directly tied to the use of prefab. Analyses also showed a positive correlation between the 

labor hours percentage electrical contractors spent on prefab in these projects and the cost reduction 

percentage they attained due to prefab. 

Electrical contractors currently using prefab reported that prefab decreased project duration 

on 94 percent of their prefab projects and most of the time a project’s duration was reduced by 1-4 

percent.  

 This research showed that electrical contractors currently using prefab experienced a labor 

efficiency increase due to prefab use on 95 percent of their prefab projects. Most of the time, this 

labor efficiency increase was between 5 to 9 percent. A positive correlation was found between the 

labor hours percentage on a project and the percentage of labor efficiency increase due to prefab. 

Electrical contractors reported that prefab had a large impact on two quality-related project 

issues: reducing factors associated with low field quality and enhancing quality control. 
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Finally, that research highlighted that about 50 percent of prefab projects performed by 

electrical contractors did not experience any change in the following safety-related project issues: 

reducing safety regulatory requirements for on-site personnel, minimizing work in hazardous areas 

and increasing the required safety planning due to the use of larger lifts. 

Future of Prefab 

From this research, we may determine how prefab will be used in the future. Electrical 

contractors will still have disparate use of prefab over the next two years. On average, prefab will be 

used on 37 percent of electrical construction projects during that time. However, electrical contractors 

currently using prefab are planning on using prefab on more than 75 percent of their projects during 

the next two years. 72 percent of electrical contractors that are not currently using prefab plan on 

using it during the next two years. This seems to show that as electrical contractors learn to use 

prefab, they will use it on more and more projects, which indicates that the use of prefab will continue 

to grow. 

 Electrical contractors currently using prefab are planning on increasing the investment in 

training staffs on prefab, creating prefab procedures within their companies and coordinating with 

projects for “just in time” delivery to improve their prefab process in the next two years. Companies 

not currently using prefab will invest in information technology tools, coordinating with projects for 

“just in time” delivery and creating prefab procedures within their companies to start using prefab 

during the next two years. In general, current users will be investing in prefab more than non-users in 

the future. 
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7.3     Research Limitation 

 The scope of this research is limited by the data collected. To conduct this research, data was 

gathered from 142 electrical contractors in the United States and Canada. This number represents a 

sample of all electrical contractors in this area. The research is also limited by the perspectives and 

honesty of respondents. This research used Qualtrics to generate and e-mail the survey to 

respondents. Using Qualtrics allows respondents to answer only the questions they choose to answer 

and not every question asked which represents another limitation of the data collected. Finally, the 

results of this research apply only to electrical contractors working in the United States and Canada.   

7.4     Future Research  

This study is the first study at UW-Madison on prefab. This research considered the state of 

practice of prefab in the electrical contracting industry. It can be followed by other research that 

studies the state of practice of prefab in other construction disciplines such as the mechanical 

construction industry, general contracting, owners and project A/E. Following future research, a 

comparison could be made between prefab practices in different construction disciplines. In addition, 

this study could be expanded by future research. One way to expand this research is to focus on the 

decision-making process electrical contractors follow when deciding to use prefab on projects. Also, 

future research could also study the electrical prefab shop from the perspective of different factors, 

including layout, area, location and equipment. Finally, a follow-up study can focus on how adopting 

a collaborative project delivery system such as IPD can impact the prefab process. 

 

 

 

 

 



119 

 

APPENDIX A 

BIBLIOGRAPHY 

 

Awad S. Hanna, & Pehr Peterson, & Min-Jae Lee. (2002). Benchmarking Productivity 

Indicators for Electrical/Mechanical Projects. Journal of Construction Engineering 

and Management. 

Carl T. Haas, & Walter R. Fagerlund.  (2002). Preliminary Research on prefabrication, 

pre-assembly, modularization and off-site fabrication in construction. Construction 

Industry Institute 

C.B.Tatum, & J.A.Vanegas, & J.M. Williams. (1987). Constructability Improvement 

Using Prefabrication, Preassembly, and  Modularization. Construction Industry 

Institute. 

Jeffrey S. Russell. (2013). “CEE 498: Construction Project Management.” Department 

of Civil and Environmental Engineering, University of Wisconsin-Madison. 

Sam Meland (1984). Electrical project Management. McGraw Hill. 

McGraw Hill construction (2011). Prefabrication and Modularization: increasing         

Productivity in the Construction Industry 

Jongchul Song & Carl T. Haas & Clyde B, Tatum. (2005). Considering Prework on 

Industrial Projects. Journal of Construction Engineering and Management. 

Jimmie Hinze & Lisa Lytle. (1991). Cost of Construction Injuries. Journal of 

Construction Engineering and Management. 

Alfred Bruce & Harold Sandbank. (1943). A history of Prefabrication. University of 

Michigan. 

Awad S. Hanna. (2010). “CEE 592: “Construction Labor Project Management” 

Department of Civil and Environmental Engineering, University of Wisconsin-

Madison. 

Awad S. Hanna & Jeffrey Russell & Erik V. Nirdheim & Mathew J. Bruggink. (1999). 

Impact of Change Orders on Labor Efficiency for Electrical Construction. Journal 

of Construction Engineering and Management. 

Eddy M. Rojas & Peerapong Aramvareekul. (2003). Is Construction Labor 

Productivity Really Declining? Journal of Construction Engineering and 

Management 



120 

 

Mirza B. Murtaza & Deborah J. Fisher & Miroslaw. (1993). Knowledge-based 

Approach to Modular Construction Decision Support. Journal of Construction 

Engineering and Management. 

Carlos T. Formoso & Lucio Soibelman & Claudia De Cesare & Eduardo L. Isatto. 

(2002). Material Waste in Building Industry: Main causes and prevention. Journal 

of Construction Engineering and Management 

Susan Bogus & C. Birk Jones & Jerald Rounds. (2009). Best pratcices: prefabrication 

for electrical contractors. University of New Mexico. 

Awad S.Hanna & Chul-Ki Chang & Jeffery A. Lackney & Kenneth T. Sullivan. 

(2005). Overmanning Impact on Construction Labor Productivity. American Society 

of Civil Engineers ASCE. 

Awad S.Hanna & Gilbert Haddad. (2009). Overmanning and Producitivy in Electrical 

Construction. American Society of Civil Engineers ASCE. 

Mathew Iwanski. (2013). Performance of Integrated Project Delivery (IPD) for 

Mechanical and Electrical Contractors. University of Wisconsin-Madison. 

Carl T. Haas & James T. O’Connor & Richard L. Tucker & Jason A. Eickmann & 

Walter R. Frgerlund. (2000). Prefabrication and Preassembly Trends and Effects on 

the Construction Workforce. University of Texas at Austin. 

Eric Allmon &  Carl T. Haas & John D. Borcherding & Paul M. Goodrum. (2000). 

U.S. Construction Labor Productivity Trends, 1970- 1998. Journal of Construction 

Engineering and Management. 

Myra Samuels & Jeffrey Witmer & Andrew Schaffner. (2011). Statistics for the Life 

Sciences, Fourth Edition. 

Bureau of Labor Statistics. (2013). 

Nawari O. Nawari (2012). BIM Standard in Off-site Construction. American Society of 

Civil Engineers ASCE. 

           Teicholz, P. (2004). “Labor Productivity Declines in the Construction Industry: 

Causes  and Remedies.” AECbytes Viewpoint, #4. 

Michael R. Yeutter, (2012). The use of Building Information Modeling in the 

Electrical Contracting Industry. University of Wisconsin-Madison. 

Alistair G.F. Gibb & Frank Isack. (2003). Re-engineering Through Pre-assembly: 

client expectations and drivers. Building research and information. 

 



121 

 

APPENDIX B: SURVEY QUESTIONNAIRE & COVER EMAIL 
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Section 2: The Future of Prefab 
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survey] 

 

 

Section 3: Prefab Information 
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Section 4: Project Information 
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Section 5: Project Performance 



135 

 

 



136 

 

 



137 

 

 

Dear [Contractor name] 

The advancements in information technology available to the Design and 

Construction Industry have made the use of pre-planned and coordinated portions of 

a facility feasible again.  These pre-planned and coordinated portions include 

preassembled sections and fixtures, modular frames and sections, and prefabricated 

components. For the sake of simplicity, all of these practices: prefabrication, 

preassembly, modularization, and off-site fabrication are referred to as “Prefab.”  To 

understand how these changes have affected the industry’s use of Prefab, the 

University of Wisconsin – Madison is conducting a study to assess the state of 

practice of Prefab in the Electrical Contracting Industry. 

Since the research community is interested in developing knowledge and solutions 

for industry, it must reach out to members of the Electrical Contracting Industry.  

The information gathered from these companies and professionals is the origin of 

the solutions for them. 

Enclosed is a questionnaire for research that is being conducted by the University of 

Wisconsin - Madison.  The research will benefit the construction industry as a whole; 

especially the electrical contracting industry.  I am writing to request your 

participation in this study by completing the enclosed survey.  Your participation is 

critical and will require a moderate time commitment from your company.  The 

survey will take approximately 30 to 90 minutes to complete.  For your cooperation, 

a free copy of the final report on the state of practice of Prefab will be sent to you. 

Please note that any information that you provide for this study will be held in the 

strictest of confidence.  Names of specific individuals, organizations, and projects 

will not be revealed to protect your interests and the interests of your company. 

Detailed instructions for completing the survey are given on the next page.  Thank 

you for your time and for your commitment to our research.  If you have any 

questions before then or at any time, please feel free to contact me at the information 

below.  

Sincerely,  

Dr. Awad S. Hanna, P.E., F.ASCE      

Professor and Chair        

University of Wisconsin – Madison     

2314 Engineering Hall      

1415 Engineering Drive, Madison, WI  53706       
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APPENDIX C 

‘R’ INPUT & OUTPUT 

 
Paired t-test 

 

Prefab Use Today vs. 10 Years ago 

 

data:  Dataset$today and Dataset$ago 

t = 11.0795, df = 99, p-value < 2.2e-16 

alternative hypothesis: true difference in means is not equal to 0 

95 percent confidence interval: 

  7.396413 10.623587 

sample estimates: 

mean of the differences  

                   9.01 

 

Chi Squared Tests 

 

Input Sample 

 

>dat <- read.csv("prod-over.csv") 

head(dat) 

table(dat) 

dat.tbl <- table(dat) 

chisq.test(dat.tbl) 

 

 

Prefab Use vs. Companies’ size (Billings) 

 

> table(dat) 

     Billings 

Use    1  2  3  4  5  6 

  No   7 13  4 11  1  1 

  Yes  6 16  7 43 17 16 

> dat.tbl <- table(dat) 

> chisq.test(dat.tbl) 

 

        Pearson's Chi-squared test 

 

data:  dat.tbl 

X-squared = 19.5445, df = 5, p-value = 0.001521 
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Prefab Use vs. Union or Merit Shop 

 

> table(dat) 

     Union.or.not 

Use   Merit shop (open shop) Union 

  No                       7    29 

  Yes                     17    87 

> dat.tbl <- table(dat) 

> chisq.test(dat.tbl) 

 

        Pearson's Chi-squared test with Yates' continuity correction 

 

data:  dat.tbl 

X-squared = 0.0284, df = 1, p-value = 0.8661 

 

 

Companies’ Size (Billings) vs. Prefab Location 

 

> table(dat) 

        Location 

Billings Both Off-site On-site 

       1    0        1       4 

       2    2        9       3 

       3    0        4       2 

       4    2       27      14 

       5    1       12       3 

       6    1       12       2 

> dat.tbl <- table(dat) 

> chisq.test(dat.tbl) 

 

        Pearson's Chi-squared test 

 

data:  dat.tbl 

X-squared = 11.7017, df = 10, p-value = 0.3055 

 

 

Companies’ Size (Billings) vs. Experience with Prefab 

 

> table(dat) 

        Experience 

Billings > 5 Y 1 Y or less 2 Y 3 Y 4 Y 5 Y 

       1     2           1   1   0   1   0 

       2     8           0   0   1   2   3 

       3     5           0   0   1   0   0 

       4    21           6   3   5   1   5 

       5    10           1   0   2   2   1 

       6    11           0   0   2   1   1 

> dat.tbl <- table(dat) 

> chisq.test(dat.tbl) 
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        Pearson's Chi-squared test 

 

data:  dat.tbl 

X-squared = 22.794, df = 25, p-value = 0.5896 

 

 

Companies’ Size (Billings) vs. Prefab Method 

 

> table(dat) 

        Method 

Billings Both In-house Outsourced 

       1    0        4          1 

       2    0       14          0 

       3    0        6          0 

       4    3       35          5 

       5    1       16          0 

       6    0       12          3 

> dat.tbl <- table(dat) 

> chisq.test(dat.tbl) 

 

        Pearson's Chi-squared test 

 

data:  dat.tbl 

X-squared = 9.8074, df = 10, p-value = 0.4576 

 

 

Companies’ Size (Billings) vs. Prefab Projects’ Size 

 

 

  Billings                  Project.size 

1        2  Less than 10,000 labor hours 

2        6                   Any and all 

3        4  10,000 to 50,000 labor hours 

4        4 More than 100,000 labor hours 

5        2  Less than 10,000 labor hours 

6        5                   Any and all 

> dat.tbl <- table(dat) 

> chisq.test(dat.tbl) 

 

        Pearson's Chi-squared test 

 

data:  dat.tbl 

X-squared = 28.5341, df = 20, p-value = 0.09735 
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Companies’ Experience with Prefab vs. Prefab Method 

 

> table(dat) 

               Method 

Experience      Both In-house Outsourced 

  1 Y or less      1        6          1 

  2 Y              0        3          1 

  3 Y              0       10          1 

  4 Y              0        7          0 

  5 Y              0       10          0 

  More than 5 Y    3       49          5 

> dat.tbl <- table(dat) 

> chisq.test(dat.tbl) 

 

        Pearson's Chi-squared test 

 

data:  dat.tbl 

X-squared = 6.3742, df = 10, p-value = 0.7829 

 

 

Companies’ Experience with Prefab vs. Prefab Location 

 

> table(dat) 

               Location 

Experience      Both Off-site On-site 

  1 Y or less      1        4       3 

  2 Y              0        3       1 

  3 Y              1        9       1 

  4 Y              1        5       1 

  5 Y              0        6       4 

  More than 5 Y    3       37      16 

> dat.tbl <- table(dat) 

> chisq.test(dat.tbl) 

 

        Pearson's Chi-squared test 

 

data:  dat.tbl 

X-squared = 5.8858, df = 10, p-value = 0.8248 
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Companies’ Experience with Prefab vs. Prefab Projects’ Size 

 

> table(dat) 

               Project.size 

Experience      10,000 to 50,000 labor hours 50,000 to 100,000 labor 

hours 

  1 Y or less                              2                             

0 

  2 Y                                      0                             

0 

  3 Y                                      3                             

0 

  4 Y                                      2                             

0 

  5 Y                                      0                             

1 

  More than 5 Y                            9                             

2 

               Project.size 

Experience      Any and all Less than 10,000 labor hours 

  1 Y or less             3                            3 

  2 Y                     2                            2 

  3 Y                     7                            1 

  4 Y                     2                            3 

  5 Y                     5                            4 

  More than 5 Y          26                           18 

                                                        

               Project.size 

Experience      More than 100,000 labor hours 

  1 Y or less                               0 

  2 Y                                       0 

  3 Y                                       0 

  4 Y                                       0 

  5 Y                                       0 

  More than 5 Y                             2 

> dat.tbl <- table(dat) 

> chisq.test(dat.tbl) 

 

        Pearson's Chi-squared test 

 

data:  dat.tbl 

X-squared = 12.0933, df = 20, p-value = 0.9128 
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Companies’ Prefab Labor Hours Percent vs. Prefab Method 

 

> table(dat) 

         Method 

lb.hour.. Both In-house Outsourced 

  1-9%       3       53          6 

  10 -24%    1       29          2 

  25 -49%    0        4          1 

> dat.tbl <- table(dat) 

> chisq.test(dat.tbl) 

 

        Pearson's Chi-squared test 

 

data:  dat.tbl 

X-squared = 1.4211, df = 4, p-value = 0.8405 

 

 

Companies’ Prefab Labor Hours Percent vs. Prefab Location 

 

> table(dat) 

         Location 

lb.hr..   Both Off-site On-site 

  1-9%       4       40      17 

  10 -24%    2       22       8 

  25 -49%    0        2       3 

> dat.tbl <- table(dat) 

> chisq.test(dat.tbl) 

 

        Pearson's Chi-squared test 

 

data:  dat.tbl 

X-squared = 2.7569, df = 4, p-value = 0.5993 

 

 

Companies’ Prefab Labor Hours Percent vs. Companies’ Size (Billings) 

 

> table(dat) 

        Labor.hr.. 

Billings 1-9% 10 -24% 25 -49% 

       1    2       2       1 

       2    7       7       0 

       3    2       4       0 

       4   29      11       3 

       5   13       2       1 

       6    9       6       0 

> dat.tbl <- table(dat) 
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> chisq.test(dat.tbl) 

 

        Pearson's Chi-squared test 

 

data:  dat.tbl 

X-squared = 13.448, df = 10, p-value = 0.1997 

 

 

Companies’ Prefab Labor Hours Percent vs. Companies’ Experience 

 

 

> table(dat) 

         Experience 

lb.hr..   1 Y or less 2 Y 3 Y 4 Y 5 Y More than 5 Y 

  1-9%              7   4   7   5   5            32 

  10 -24%           1   0   3   2   4            22 

  25 -49%           0   0   1   0   1             2 

> dat.tbl <- table(dat) 

> chisq.test(dat.tbl) 

 

        Pearson's Chi-squared test 

 

data:  dat.tbl 

X-squared = 7.8672, df = 10, p-value = 0.6418 

 

 

Overmanning reduction vs. Cost Reduction 

 

> table(dat) 

              Overmanning 

cost             better  much better The same 

    better           43           25        2 

   much better        5           18        0 

  The same            4            1        2 

>                

> dat.tbl <- table(dat) 

> chisq.test(dat.tbl) 

 

        Pearson's Chi-squared test 

 

data:  dat.tbl 

X-squared = 25.6296, df = 4, p-value = 3.758e-05 

 

 

 

 

 

 

 



145 

 

 

Overmanning reduction vs. Craft Productivity Increase 

 

> table(dat) 

              Productivity 

Overmanning     better  much better The same 

   better           41            8        3 

   much better      15           27        1 

  The same           2            0        2 

> dat.tbl <- table(dat) 

> chisq.test(dat.tbl) 

 

        Pearson's Chi-squared test 

 

data:  dat.tbl 

X-squared = 37.992, df = 4, p-value = 1.125e-07 

 

 

Overmanning reduction vs. Schedule Reduction 

 

> table(dat) 

              Duration 

Overmanning     better  much better The same 

   better           42            5        5 

   much better      25           18        1 

  The same           3            0        1 

> dat.tbl <- table(dat) 

> chisq.test(dat.tbl) 

 

        Pearson's Chi-squared test 

 

data:  dat.tbl 

X-squared = 16.8384, df = 4, p-value = 0.002078 

 

 

Productivity Increase vs. Schedule Reduction 

 

> table(dat) 

              Project.Duration 

Productivity    better  much better The same 

   better           48            4        6 

   much better      16           18        1 

  The same           6            0        0 

> dat.tbl <- table(dat) 

> chisq.test(dat.tbl) 

 

        Pearson's Chi-squared test 

 

data:  dat.tbl 

X-squared = 28.0924, df = 4, p-value = 1.195e-05 



146 

 

 

 

Projects’ Complexity Level vs. Schedule Reduction Percentage 

 

> table(dat) 

         Duration 

Complex   1-4% 10-19% 20-29% 30-40% 5-9% 

  Average   13     10      4      3   12 

  High      13      8      4      0    8 

  Low        1      2      2      0    1 

> dat.tbl <- table(dat) 

> chisq.test(dat.tbl) 

 

        Pearson's Chi-squared test 

 

data:  dat.tbl 

X-squared = 6.679, df = 8, p-value = 0.5716 

 

 

Projects’ Complexity Level vs. Cost Reduction Percentage 

 

> table(dat) 

          Cost.Saving 

Complexity 1-4% 10-19% 20-29% 30-40% 5-9% More than 40% 

   Average   12     11      2      1   14             0 

   High      14      3      5      0   10             1 

   Low        1      3      0      0    2             0 

> dat.tbl <- table(dat) 

> chisq.test(dat.tbl) 

 

        Pearson's Chi-squared test 

 

data:  dat.tbl 

X-squared = 11.8634, df = 10, p-value = 0.2943 

 

Projects’ Complexity Level vs. Labor Efficiency Increase Percentage 

 

> table(dat) 

         Lb.eff 

complex   1-4% 10-19% 20-29% 30-40% 5-9% More than 40% 

  Average   10     11      2      1   14             0 

  High      11      7      1      2   13             1 

  Low        1      2      1      0    2             0 

> dat.tbl <- table(dat) 

> chisq.test(dat.tbl) 

 

        Pearson's Chi-squared test 

 

data:  dat.tbl 

X-squared = 5.1186, df = 10, p-value = 0.8831 



147 

 

 

Projects’ Prefab Labor Hours % vs. Cost Reduction Percentage 

 

> table(dat) 

        Cost.saving 

Lb.Hr     1  2  3  4 

  1-9%   21  1  1  0 

  10-24% 29 10  5  0 

  25-49%  4  5  1  0 

  50-75%  0  1  1  1 

> dat.tbl <- table(dat) 

> chisq.test(dat.tbl) 

 

        Pearson's Chi-squared test 

 

data:  dat.tbl 

X-squared = 40.4424, df = 9, p-value = 6.317e-06 

 

Projects’ Prefab Labor Hours % vs. Labor efficiency increase 

Percentage 

 

> table(dat) 

        labor.eff 

lb.hr     1  2  3  4 

  1-9%   20  1  1  0 

  10-24% 31 13  2  0 

  25-49%  1  6  2  0 

  50-75%  0  0  2  1 

> dat.tbl <- table(dat) 

> chisq.test(dat.tbl) 

 

        Pearson's Chi-squared test 

data:  dat.tbl 

X-squared = 59.6583, df = 9, p-value = 1.56e-09 

 

Projects’ Prefab Labor Hours % vs. Schedule Reduction Percentage 

 

> table(dat) 

        duration 

lb.hr     1  2  3 

  1-9%   17  4  1 

  10-24% 28 11  7 

  25-49%  4  5  3 

  50-75%  0  0  2 

> dat.tbl <- table(dat) 

> chisq.test(dat.tbl) 

 

        Pearson's Chi-squared test 

data:  dat.tbl 

X-squared = 17.3965, df = 6, p-value = 0.007931 
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Companies’ Size vs. Future Use of Prefab 

 

> table(dat) 

       Percentage.of.company.projects 

Billing 0% 1 - 9% 10 - 19% 20 - 29% 30 - 39% 40 - 49% 50 -59% 60 - 

75% 

      1  3      5        2        0        2        1       0        

0 

      2  3     10        2        6        1        2       1        

2 

      3  1      3        1        0        0        0       2        

1 

      4  3      4       11        7        5        3       2        

9 

      5  0      1        3        0        2        2       3        

2 

      6  0      1        1        2        3        2       2        

1 

       Percentage.of.company.projects 

Billing More than 75% 

      1             0 

      2             2 

      3             3 

      4             9 

      5             5 

      6             5 

> dat.tbl <- table(dat) 

> chisq.test(dat.tbl) 

 

       Pearson's Chi-squared test 

 

data:  dat.tbl 

X-squared = 58.4656, df = 40, p-value = 0.02978 

 

Future Use vs. Prefab as a Competitive Advantage 

 

> table(dat) 

          Advantage 

furure.use No Not Sure Yes 

         0  4        4   2 

         1  5        8  31 

         2  1        4  23 

         3  1        0  34 

         4  0        0  24 

> dat.tbl <- table(dat) 

> chisq.test(dat.tbl) 

 

        Pearson's Chi-squared test 

data:  dat.tbl 

X-squared = 40.9814, df = 8, p-value = 2.101e-06 
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APPENDIX D 

RESPONDING COMPANIES’ INFORMATION 

# Company name 

Company Location 

State Country 

1 AGR Electrical AB Canada 

2 Aldridge Electric IL U.S. 

3 Allied Electric WA U.S. 

4 Allison Smith Co. GA U.S. 

5 ALLTECH ELECTRICAL SYSTEMS On Canada 

6 Alltrade Industrial Contractors Inc. ON Canada 

7 Alpha Omega Electric Ltd. AB Canada 

8 AMAYA ELECTRIC WA U.S. 

9 Ampere Ltd ON Canada 

10 APComPower Inc PA U.S. 

11 argus electric inc. ID U.S. 

12 Astor Electric WA U.S. 

13 Baker Electric inc. CA U.S. 

14 Bell Electrical Contractors MO U.S. 

15 Benson Electric C&C Inc. IL U.S. 

16 Billitier Electric, Inc. NY U.S. 

17 Black & McDonald ON Canada 

18 Briggs Electric Inc. NV U.S. 

19 C&C Construction Group ON Canada 

20 C&G Electric AB Canada 

21 Carter Electric Company, Inc.  FL U.S. 

22 Cartier Electric CA U.S. 

23 Cavanaugh Electrical Contracting, Inc PA U.S. 

24 CB Electrical Service Ltd AB Canada 

25 CDM Smith CA U.S. 

26 Champion Electric CA U.S. 

27 Cleveland Electric Company GA U.S. 

28 Collins Electrical Company, Inc. CA U.S. 

29 Con J Franke CA U.S. 

30 Craf-Tron Electric Inc WI U.S. 

31 Cummings Electrical, Inc TX U.S. 

32 Custom Electric Ltd AB Canada 

33 DEERFIELD ELECTRIC CO. , INC. IL U.S. 

34 Del Monte Electric Co., Inc. CA U.S. 

35 Denier Electric OH U.S. 

36 Dixie Electric Company Inc. AL U.S. 
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# Company name 

Company Location 

State Country 

    

37 Dryden Electrix inc. ON Canada 

38 Eckardt Electric GA U.S. 

39 Egan MN U.S. 

40 Eland Electric Corp WI U.S. 

41 Elcon Corporation WA U.S. 

42 Electric Service & Supply Co CA U.S. 

43 Electric Supply Co., Inc. SD U.S. 

44 Electri-Tech Services Inc ON Canada 

45 Enterprise Electric, LLC TN U.S. 

46 EVERGREEN POWER SYSTEMS WA U.S. 

47 Faith Technologies, Inc. WI U.S. 

48 Ferndale Electric Company, Inc. MI U.S. 

49 Foy Group Corporation WA U.S. 

50 Frank Marshall Electric IL U.S. 

51 fuellgraf electric co PA U.S. 

52 Fuller Electric  WA U.S. 

53 Fuller Electric Corp CA U.S. 

54 G&M Electrical Contractors Col IL U.S. 

55 Gephart Electric MN U.S. 

56 GSL Electric UT U.S. 

57 Guild Electric Ltd ON Canada 

58 H&H Electric WI U.S. 

59 Hady Electric Inc. WI U.S. 

60 Halligan Electric Inc. MI U.S. 

61 Hampton Tedder Electric Co. CA U.S. 

62 Hatzel & Buehler, Inc MI U.S. 

63 
HAYNES Electric Construction Co., a division of MB 
HAYNES Corp. NC U.S. 

64 Hewitt Young Electric  NY U.S. 

65 Holmes Electric WA U.S. 

66 Huston Electric Inc. IN U.S. 

67 Hyperion Electric Inc AB Canada 

68 IB-Abel PA U.S. 

69 J &L Electrical Contractors ON Canada 

70 J&J Electric of Indiana IN U.S. 

71 John Mills Electric, Inc. NY U.S. 

72 Kaiser Electric, Inc. MO U.S. 
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# Company name 

Company Location 

State Country 

73 Kelso-Burnett Co. IL U.S. 

74 Kish & Sons Electric, INC. WI U.S. 

75 
KND Licensed Electrical Contracting & Services, 
Corp NY U.S. 

76 KST Electric (a Subsidary of Rosendin Electric) TX U.S. 

77 L.L.D. Electric Co IL U.S. 

78 Lemberg Electric Company Inc. WI U.S. 

79 Maron Electric  IL U.S. 

80 Martin Electric (1986) limited ON Canada 

81 Mascal Electric, Inc. IL U.S. 

82 Max Electric AB Canada 

83 McCaine Electric Ltd. MB Canada 

84 McKinstry Co WA U.S. 

85 McWilliams Electric Co. Inc. IL U.S. 

86 MetroPower GA U.S. 

87 Michels Power WI U.S. 

88 Miller Electric Company FL U.S. 

89 Miller Electric Construction Inc PA U.S. 

90 Morrow-Meadows Corporation Northern California CA U.S. 

91 Mott electric BC Canada 

92 Mountain States Electric WA U.S. 

93 NAES Power Contractors PA U.S. 

94 net electric limited ON Canada 

95 Nickles Electric WI U.S. 

96 NRG Electric Ltd BC Canada 

97 Ontario Electrical Construction Company Limited ON Canada 

98 Pajaro Valley Electric, Inc. CA U.S. 

99 Pick Electric WA U.S. 

100 Pieper Power WI U.S. 

101 Piing Engineering  IA U.S. 

102 Plan Group Inc. ON Canada 

103 Platinum Electrical Contractors Inc ON Canada 

104 Price Industrial Electric IA U.S. 

105 Procon Niagara ON Canada 

106 Pyramid Electrical Contractors IL U.S. 

107 Ramco Electric Ltd. ON Canada 

108 rcs (retail construction specialists) NS Canada 



152 

 

 

 

 

# Company name 

Company Location 

State Country 

109 Red Top CA U.S. 

110 red's electric OR U.S. 

111 Reliable Electric WA U.S. 

112 Robertson Bright Ltd AB Canada 

113 Roman Electric WI U.S. 

114 Ron's Plg & Htg (1980) Ltd.  (Electrical division) SK Canada 

115 Rosendin Electric CA U.S. 

116 SCE ELECTRIC WESTERN CANADA LTD AB Canada 

117 Schumacher Electric, Inc WA U.S. 

118 Second Opinion Systems LTD AB Canada 

119 Singleton Electric Co., Inc. MD U.S. 

120 SNOHOMISH ELECTRIC, INC. WA U.S. 

121 Suarez Electric Company IL U.S. 

122 SuperElectric Construction Co IL U.S. 

123 Sutherland-Schultz Ltd ON Canada 

124 Symtech ON Canada 

125 T.D. Padesky Electric, Inc. WI U.S. 

126 The STate Group Inc ON Canada 

127 tilco electric ltd ON Canada 

128 TLC Electric, LLC IN U.S. 

129 Trade-Mark Industrial ON Canada 

130 Tri-City Electric IA U.S. 

131 Uihlein Electric WI U.S. 

132 United Electric Company, Inc. GA U.S. 

133 Van Ert Electric Co Inc. WI U.S. 

134 VECA Electric Co., Inc. WA U.S. 

135 Vector Electric Company NC U.S. 

136 Vollmer Inc ON Canada 

137 Western Mechanical Electrical Millwright Services ON Canada 

138 Westphal & Company, Inc. WI U.S. 

139 White Electrical Construction Company GA U.S. 

140 Whitemarsh Electric PA U.S. 

141 Wilcox Electric & Service inc. IL U.S. 

142 Willmar Electric Service NE U.S. 
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